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Chapter 1 
Introduction 

This technical report assesses the potential rail transportation impacts of the proposed Millennium 

Bulk Terminals—Longview project (On-Site Alternative), Off-Site Alternative, and No-Action 

Alternative. For the purposes of this assessment, rail transportation refers to the project-related 

trains that would service the terminal as well as the type and volume of other rail traffic using the 

same rail lines. This report describes the regulatory setting, establishes the method for assessing 

potential rail transportation impacts, presents the historical and current rail transportation 

conditions in the study area, and assesses potential impacts.  

1.1 Project Description 
Millennium Bulk Terminals—Longview, LLC (Applicant) proposes to construct and operate an 

export terminal in Cowlitz County, Washington, along the Columbia River (Figure 1). The export 

terminal would receive coal from the Powder River Basin in Montana and Wyoming and the Uinta 

Basin in Utah and Colorado via rail shipment, then load and transport the coal by ocean-going ships 

via the Columbia River and Pacific Ocean to overseas markets in Asia. The export terminal would be 

capable of receiving, stockpiling, blending, and loading coal by conveyor onto ships for export. 

Construction of the export terminal would begin in 2018. For the purpose of this analysis, it is 

assumed the export terminal would operate at full capacity by 2028. The following subsections 

present a summary of the On-Site Alternative, Off-Site Alternative, and No-Action Alternative. 

1.1.1 On-Site Alternative  

Under the On-Site Alternative, the Applicant would develop an export terminal on 190 acres (project 

area). The project area is located within an existing 540-acre area currently leased by the Applicant 

at the former Reynolds Metals Company facility (Reynolds facility), and land currently owned by 

Bonneville Power Administration. The project area is adjacent to the Columbia River in 

unincorporated Cowlitz County, Washington near Longview city limits (Figure 2).  

The Applicant currently and separately operates at the Reynolds facility, and would continue to 

separately operate a bulk product terminal on land leased by the Applicant. Industrial Way (State 

Route 432) provides vehicular access to the Applicant’s leased land. The Reynolds Lead and the 

BNSF Spur rail lines, both operated by Longview Switching Company (LVSW),1 provide rail access to 

the Applicant’s leased area from the BNSF Railway Company (BNSF) main line (Longview Junction) 

located to the east in Kelso, Washington. Ships access the Applicant’s leased area including the bulk 

product terminal via the Columbia River and berth at an existing dock (Dock 1) operated by the 

Applicant in the Columbia River. 

                                                            

1 LVSW is jointly owned by BNSF Railway Company (BNSF) and Union Pacific Railroad (UP). 
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Figure 1.  Project Vicinity  
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Figure 2.  On-Site Alternative  
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Under the On-Site Alternative, BNSF or Union Pacific Railroad (UP) trains would transport coal in 

rail cars from the BNSF main line at Longview Junction to the project area via the BNSF Spur and 

Reynolds Lead. Coal would be unloaded from rail cars, stockpiled and blended, and loaded by 

conveyor onto ocean-going ships at two new docks (Docks 2 and 3) on the Columbia River for export 

to Asia. 

Once construction is complete, the export terminal would have an annual throughput capacity of up 

to 44 million metric tons of coal.2 The export terminal would consist of one operating rail track, 

eight rail tracks for the storage of rail cars, rail car unloading facilities, stockpile areas for coal 

storage, conveyor and reclaiming facilities, two new docks in the Columbia River (Docks 2 and 3), 

and ship-loading facilities on the two docks. Dredging of the Columbia River would be required to 

provide access to and from the Columbia River navigation channel and for berthing at the two new 

docks.  

Vehicles would access the project area from Industrial Way (State Route 432). Ships would access 

the project area via the Columbia River and berth at one of the two new docks. Trains would access 

the export terminal via the BNSF Spur and the Reynolds Lead. Terminal operations would occur 24 

hours per day, 7 days per week. The export terminal would be designed for a minimum 30-year 

period of operation. 

1.1.2 Off-Site Alternative  

Under the Off-Site Alternative, the export terminal would be developed on an approximately 220-

acre site adjacent to the Columbia River, located in both Longview, Washington, and unincorporated 

Cowlitz County, Washington, in an area commonly referred to as Barlow Point (Figure 3). The 

project area for the Off-Site Alternative is west and downstream of the project area for the On-Site 

Alternative. Most of the project area for the Off-Site Alternative is located within Longview city 

limits and owned by the Port of Longview. The remainder of the project area is within 

unincorporated Cowlitz County and privately owned. 

Under the Off-Site Alternative, BNSF or UP trains would transport coal from the BNSF main line at 

Longview Junction over the BNSF Spur and the Reynolds Lead, which would be extended 

approximately 2,500 feet to the west. Coal would be unloaded from rail cars, stockpiled and blended, 

and loaded by conveyor onto ocean-going ships at two new docks (Docks A and B) on the Columbia 

River. The Off-Site Alternative would serve the same purpose as the On-Site Alternative.  

Once construction is complete, the Off-Site Alternative would have an annual throughput capacity of 

up to 44 million metric tons of coal. The export terminal would consist of the same elements as the 

On-Site Alternative: one operating rail track, eight rail tracks for the storage of rail cars, rail car 

unloading facilities, stockpile areas for coal storage, conveyor and reclaiming facilities, two new 

docks in the Columbia River (Docks A and B), and ship-loading facilities on the two docks. Dredging 

of the Columbia River would be required to provide access to and from the Columbia River 

navigation channel and for berthing at the two new docks.  

                                                            

2 A metric ton is the U.S. equivalent to a tonne per the International System of Units, or 1,000 kilograms or 
approximately 2,204.6 pounds. 
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Vehicles would access the project area via a new access road extending from Mount Solo Road (State 

Route 432) to the project area. Trains would access the terminal via the BNSF Spur and the extended 

Reynolds Lead. Ships would access the project area via the Columbia River and berth at one of the 

two new docks. Terminal operations would occur 24 hours per day, 7 days per week. The export 

terminal would be designed for a minimum 30-year period of operation.  

1.1.3 No-Action Alternative 

Under the No-Action Alternative, the U.S. Army Corps of Engineers would not issue the requested 

Department of the Army permit under the Clean Water Act Section 404 and the Rivers and Harbors 

Act Section 10. This permit is necessary to allow the Applicant to construct and operate the 

proposed export terminal.  

The Applicant plans to continue operating its existing bulk product terminal located adjacent to the 

On-Site Alternative project area, as well as expand this business whether or not a Department of the 

Army permit is issued. Ongoing operations would include storing and transporting alumina and 

small quantities of coal, and continued use of Dock 1. Maintenance of the existing bulk product 

terminal would continue, including maintenance dredging at the existing dock every 2 to 3 years. 

Under the terms of an existing lease, expanded operations could include increased storage and 

upland transfer of bulk products utilizing new and existing buildings. The Applicant would likely 

undertake demolition, construction, and other related activities to develop expanded bulk product 

terminal facilities.  

In addition to the current and planned activities, if the requested permit is not issued, the Applicant 

would intend to expand its bulk product terminal business onto areas that would have been subject 

to construction and operation of the proposed export terminal. In 2014, the Applicant described a 

future expansion scenario under No-Action Alternative that would involve handling bulk materials 

already permitted for off-loading at Dock 1. Additional bulk product transfer activities could involve 

products such as a calcine pet coke, coal tar pitch, cement, fly ash, and sand or gravel. While future 

expansion of the Applicant’s bulk product terminal business might not be limited to this scenario, it 

was analyzed to help provide context to a No-Action Alternative evaluation and because it is a 

reasonably foreseeable consequence of a Department of the Army denial.             
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Figure 3.  Off-Site Alternative 
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1.2 Regulatory Setting 
The jurisdictional authorities and corresponding regulations, statutes, and guidance for determining 

potential impacts on rail transportation are summarized in Table 1. 

Table 1.  Regulations, Statutes, and Guidelines for Rail Transportation 

Regulation, Statute, Guideline Description 

Federal 

National Environmental Policy Act 
(42 USC 4321 et seq.)  

Requires the consideration of potential environmental 
effects. NEPA implementation procedures are set forth in 
the President’s Council on Environmental Quality’s 
Regulations for Implementing NEPA (49 CFR 1105). 

U.S. Army Corps of Engineers NEPA 
Environmental Regulations (33 CFR 230) 

Provides guidance for implementing the procedural 
provisions of NEPA for the Corps. It supplements CEQ 
regulations 40 CFR 1500‒1508. 

Federal Railroad Safety Act of 1970 Gives FRA rulemaking authority over all areas of rail line 
safety. FRA has designated that state and local law 
enforcement agencies have jurisdiction over most aspects 
of highway/rail grade crossings, including warning 
devices and traffic law enforcement. 

Highway Safety Act and the Federal 
Railroad Safety Act 

Gives FHWA and FRA regulatory jurisdiction over safety 
at federal highway/rail grade crossings. USDOT has 
promulgated rules addressing grade-crossing safety and 
provides funding for installation and improvement of 
warning devices. FRA has issued rules that impose 
minimum maintenance, inspection, and testing standards 
for at-grade crossing warning devices for highway/rail 
grade crossings on federal highways and state and local 
roads (49 CFR Parts 234‒236). 

Federal Railroad Administration general 
regulations (49 CFR Parts 200‒299) 

Regulates safety, including operations, engineers, and 
crew (e.g., control of alcohol and drug use), track, 
signaling, and rolling stock (e.g., locomotives and 
passenger and freight cars) for common carrier rail lines 
that are part of the general rail line system of 
transportation.  

Interstate Commerce Commission 
Termination Act of 1995  
(49 USC 101) 

Establishes the Surface Transportation Board and 
upholds the common carrier obligations of railroads; 
requires railroads to provide service upon reasonable 
request. 

State 

Washington State Environmental Policy 
Act (WAC 197-11, RCW 43.21C) 

Requires state and local agencies in Washington to 
identify potential environmental impacts that could result 
from governmental decisions. 

Washington Utilities and Transportation 
Commission  

Inspects and issues violations for hazardous materials, 
tracks, signal and train control, and rail operations. WUTC 
regulates the construction, closure, or modification of 
public railroad crossings. In addition, WUTC inspects and 
issues defect notices if a crossing does not meet minimum 
standards. However, WUTC has no jurisdiction over 
public crossings in first-class cities.a  

http://www.mrsc.org/subjects/governance/firstclass.aspx
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Regulation, Statute, Guideline Description 

WSDOT Local Agency Guidelines M 36-
63.28, June 2015, Chapter 32, 
Railroad/Highway Crossing Program 

Focuses on adding protection that improves safety and 
efficiency of railroad/highway crossings. Provides a 
process for investigating alternatives for improving 
grade-crossing safety, such as closure, consolidation, and 
installation of warning devices. 

WSDOT Design Manual M 22.01.10, 
November 2015, Chapter 1350, Railroad 
Grade Crossings 

Provides specific guidance for the design of at-grade 
railroad crossings. 

Rail Companies—Operation  
(480-62 WAC) 

Establishes operating procedures for railroad companies 
operating in Washington State. Includes general and 
procedural rules, safety rules, reporting requirement 
rules, and the establishment and distribution of a grade-
crossing protective fund. 

Local 

Cowlitz County SEPA Regulations  
(CCC Code 19.11) 

Provide for the implementation of SEPA in Cowlitz 
County. 

Longview Municipal Code 11.40.080 
(Railroad Trains Not to Block Streets) 

Prohibits trains from using any street or highway for a 
period of time longer than five minutes, except trains or 
cars in motion other than those engaged in switching 
activities. 

Notes: 
a Per RCW 35.01.01, a first-class city is a city with a population of 10,000 or more at the time of organization or 

reorganization that has adopted a charter. 

USC = United States Code; NEPA = National Environmental Policy Act; CFR = Code of Federal Regulations;  
FRA = Federal Railroad Administration; FHWA = Federal Highway Administration; USDOT = U.S. Department of 
Transportation; WAC = Washington Administrative Code; RCW = Revised Code of Washington;  
WUTC = Washington Utilities and Transportation Commission; WSDOT = Washington State Department of 
Transportation; CCC = Cowlitz County Code 

The Surface Transportation Board (STB) oversees the nation’s freight rail system. STB has 

regulatory jurisdiction over the reasonableness of rates railroads charge shippers, mergers, line 

acquisitions, new rail-line construction,3 and abandonments of existing rail lines. Because the 

proposed project would not construct new rail lines or meet the criteria of STB’s other jurisdiction, 

it is not subject to STB review. 

1.3 Study Area 
The study area for direct impacts is the project area for both the On-Site Alternative and Off-Site 

Alternative. For indirect impacts, the study area includes the project area and the rail corridor of the 

Longview industrial area, which was defined as the rail corridor (Reynolds Lead and BNSF Spur) 

between the project area and the junction with the BNSF main line (Longview Junction).  

                                                            

3 The Surface Transportation Board (STB) grants the authority to construct and operate proposed rail lines and 
associated facilities under 49 USC § 10901. 
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Chapter 2 
Affected Environment 

This chapter describes the methods for identifying the affected environment and determining 

impacts, and describes the affected environment in the study areas as they pertain to rail 

transportation. 

2.1 Methods 
This section describes the sources of information and methods used to characterize the affected 

environment and assess the potential impacts of the On-Site Alternative, Off-Site Alternative, and 

No-Action Alternative on rail transportation. 

2.1.1 Data Sources  

Existing and projected rail traffic for the Reynolds Lead and BNSF Spur were based on information 

from LVSW as operator of the Reynolds Lead and BNSF Spur and field observations. The following 

information sources were used for project-related rail operations. 

 Volumes. Project-related rail traffic to the project areas for the On-Site Alternative or Off-Site 

Alternative at full operations would include 8 loaded trains per day and 8 empty trains per day. 

The types and number of trains from Longview Junction to the project area for 2015 and 2028 

were developed from meetings with LVSW and the Port of Longview. Rail traffic in 2028 under 

the No-Action Alternative would require approximately 2 additional trains per day.  

 Train parameters. Train parameters including the number of rail cars per unit train and 

locomotives were based on information provided by the Applicant, input from BNSF, and 

existing BNSF coal train operations. 

 Reynolds Lead, BNSF Spur, and project area operations. Train operations on the Reynolds 

Lead, BNSF Spur, and in the project areas was based on information provided by LVSW and the 

Applicant.  

2.1.2 Impact Analysis 

LVSW has indicated it would expand system capacity as needed to meet additional future volume 

increases. LVSW would likely upgrade the traffic control technology on both the BNSF Spur and the 

Reynolds Lead from Traffic Warrant Control (TWC)4 to Centralized Traffic Control (CTC).5 However, 

this improvement is not currently funded or authorized. In addition to converting to the CTC system, 

                                                            

4 Under this control system, train crews obtain authority to occupy and move on a main track from the dispatcher 
in the form of a completed track warrant form. Usually the track warrant information is transmitted to the train 
crew by phone, radio, or electronic transmission to the locomotive. 
5 With CTC, electrical circuits monitor the location of trains, allowing dispatchers to control train movements from 
a remote location, usually a central dispatching office. The signal system prevents trains from being authorized to 
enter sections of track occupied by other trains moving in the opposite direction.   
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LVSW indicated it would upgrade the track on the Reynolds Lead and BNSF Spur by adding ballast, 

replacing ties, and upgrading the rails. These improvements would provide safer operation and 

increase maximum speed from 10 miles per hour (mph) to 25 mph on the Reynolds Lead. The speed 

limit on the BNSF Spur is limited by the Cowlitz River Bridge, and so would remain at 10 mph. LVSW 

would also install a remotely operated electric switch connecting the BNSF Spur to the Reynolds 

Lead to allow continuous movement and more consistent operation. The electronic switch would 

eliminate the need for project-related trains to stop while a train crew member operates the switch 

(Wolter pers. comm.). While LVSW has developed upgrade plans, it has not begun work or applied 

for permits. Construction of these improvements would take approximately 6 months. LVSW would 

start the permit and project funding processes once future volume increases become reasonably 

certain. Because these improvements are not certain, the impact analysis analyzes infrastructure 

with and without these planned improvements. 

For the purposes of this analysis, potential impacts during operations is based on the Applicant’s 

planned throughput capacity (up to 44 million metric tons per year), which would require 8 loaded 

and 8 empty trains per day on the Reynolds Lead and BNSF Spur. No rail construction outside of the 

project area for the On-Site Alternative and Off-Site Alternative is proposed by the Applicant. The 

following methods and assumptions were used to evaluate the potential impacts of the On-Site 

Alternative, Off-Site Alternative, and No-Action Alternative on rail transportation.  

 Train speed and travel time from Longview Junction to project area. The maximum speed 

over the Reynolds Lead could increase from 10 mph to up to 25 mph if track improvements are 

made by LVSW, which would reduce the train travel time from Longview Junction to the project 

area from approximately 49 minutes to approximately 32 minutes. For purposes of this analysis, 

it is assumed that project-related trains would reach a maximum speed of 20 mph if the planned 

improvements were made, with an average speed of approximately 11 mph. However, also 

included is an analysis of train speeds and transit time over each road crossing assuming the 

planned improvements are not made. Trains would accelerate or decelerate at various points 

along the route approaching switches. Estimates of train speeds were used to estimate the time 

trains would transit each road crossing. The analysis assumes that none of the improvements 

would be made to the road crossings as proposed in WSDOT’s State Route 432 Rail Realignment 

and Highway Improvements Project (Parsons Brinckerhoff 2014). 

 Project-related train parameters. The number of cars per train and number of locomotives 

are based on information provided by the Applicant. The coal car type, tare weight,6 length, and 

capacity are based on a typical aluminum rotary coal gondola rail cars. The parameters of 

project-related trains that would service the project area are summarized in Table 2. For 

purposes of this analysis, all project-related trains are assumed to have the characteristics 

shown in Table 2.  

According to the Applicant, rail operations would support export terminal throughput of 40 

million metric tons per year. The proposed project is based on a throughput of up to 44 million 

metric tons per year. The Applicant assumes a 10% increase in throughput (4 million metric 

tons per year) is possible with rail car capacity increases through process efficiencies and 

technological improvements by 2028. 

                                                            

6 Weight of the empty railcar. 
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Table 2.  Project-Related Train Parameters 

Rail Cars 

Type Alum Rotary Gondola 

Gross rail load (tons) 143 

Tare weight (tons) 20.9 

Lading per car (tons) 122.1 

Coupled Length (feet) 53 

Locomotives 

Type 4400 HP AC 

Weight (tons) 216 

Length (feet) 73 

Number in traina 3 

Configurationb 2-0-1 

Total Train 

Cars per trainb 125 

Total lading weight (tons) 15,263 

Total tare weight of cars (tons) 2,613 

Weight locomotives (tons) 648 

Total train weight (tons) 18,524 

Total train length (feet) 6,844 
a Three locomotives and 125 cars are consistent with current BNSF operations (URS Corporation 2014). 
b Locomotives are distributed through trains (distributed power) in various configurations. Project-related 

trains would likely have two locomotives at the head and one at the rear of the train (Wolter pers.comm.; 
verified by field observations December 4, 2014).  

 Rail line capacity. The capacity of a rail line is generally determined by the number of main 

tracks, speed, distance, and train parameters. Train speed on the Reynolds Lead and BNSF Spur 

was estimated using a simulation model.7 Theoretical capacity8 was then calculated by plotting 

time and distance and adjusting to consider trains moving in opposite directions on one main 

track. 

 Baseline rail traffic. The types and number of trains between Longview Junction and the 

project area for existing year and 2028 were developed from meetings with LVSW and the Port 

of Longview.  

                                                            

7 Inputs to the model were locomotive horsepower, train length and weight, number of axles, cross section, air 
brake pounds per square inch, a resistance factor, track grade, and track curvature. 
8 Theoretical capacity is the number of trains that could run over a route in a mathematically generated 
environment with minimum spacing between trains. 
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2.2 Affected Environment 
As described in Section 1.1.1, On-Site Alternative, the On-Site Alternative project area is located on 

190 acres of a 540-acre existing industrial site. The project area is located on the Reynolds Lead, an 

existing rail line that serves several industries and connects via the BNSF Spur to the BNSF main line 

approximately 7 miles away at Longview Junction.  

As described in Section 1.1.2, Off-Site Alternative, the Off-Site Alternative project area is located on 

approximately 220 acres adjacent to the Columbia River. The track infrastructure leading to the 

project area and rail operations is the same as the On-Site Alternative, except that the Reynolds Lead 

would need to be extended approximately 0.5 mile to extend to the location of the Off-Site 

Alternative terminal location.  

The route along the Reynolds Lead and BNSF Spur has a single main track with TWC (no signals). 

Two sidings on the Reynolds Lead are currently used to interchange cars with the Columbia and 

Cowlitz Railway (CLC).9 Speed limit on the line is 10 mph. At an average speed of 9 mph (allowing 

for slowing and accelerating at various locations), train travel time from Longview Junction to the 

On-Site Alternative project area under current conditions is approximately 49 minutes. 

2.2.1 BNSF and Reynolds Lead 

Table 3 summarizes current baseline traffic data for the BNSF Spur and Reynolds Lead to and from 

the Port of Longview or other industrial customers. The table also includes the estimated train size 

and average passing time at road crossings and the weighted average of baseline trains per day 

passing at road crossings. The train counts include both loaded and empty trains.10  

Between Longview Junction and the project area there are five public at-grade road crossings 

(Figure 4). These road crossings experience rail traffic from current train operations to and from the 

Port of Longview and/or from industrial switching activities at locations along the Reynolds Lead. 

Each project-related train, loaded and empty, would also cross roads at these locations. This section 

analyzes the train volume and train crossing times at each of these road crossings. The analysis 

assumes no improvements would be made to the crossings. 

 

                                                            

9 CLC is owned by Patriot Rail. It primarily provides switching service inside the Weyerhaeuser plant and serves a 
few industries. All cars to or from CLC are handled by LVSW for interchange to BNSF and UP. CLC interchanges with 
LVSW at two sidings on the Reynolds Lead near the LVSW yard. 
10 Train count and train size estimates include both loaded and empty cars based LVSW (pers. comm.) and Port of 
Longview (pers. comm.). These estimates are similar to those reported in Parsons Brinckerhoff (2014), which 
shows 450 loaded cars per day. 
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Table 3.  Baseline Rail Traffic on the BNSF Spur and Reynolds Lead 
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CLC trains interchange to/from LVSW rail linea,b 2 5 520 15 2 1,065 1.2    1.42 1.42 

LVSW rail line interchange to/from CLCa,b 2 5 520 15 2 1,093 1.2  1.42 1.42 
  

Reynolds Lead Industry local crewa,c 2 3 312 30 2 2,068 2.4  0.85 0.85 0.85 0.85 

Manifest trains from Longview Junction yard to LVSW yarda,f 4 5 1,040 30 2 2,068 2.4 2.85     

Grain unit trains to/from EGTa,g 4 7 1,456 110 3 6,819 7.7 3.99     

Clay, soda ash and other Port unit trainsa,h 2 1 104 110 3 6,819 7.7 0.28     

Weighted Average Trains/day       7.12 2.28 2.28 2.28 2.28 

Weighted Average Length (feet)        4,919 1,459 1,459 1,441 1,441 

Weighted Average Cars/train        78 21 21 21 21 
a Source: Wolter pers. comm.  
b CLC switch crew from Weyerhaeuser plant delivers and picks up cars to/from interchange sidings just west of California Way. LVSW switch crew from LVSW yard delivers 

and picks up cars to/from interchange sidings just west of California Way. 
c Crew works afternoon shift 5 days/week but serves Reynolds Lead 3 days/week. Cars per train range from 5 to 30 depending on whether train is delivering coal or alumina 

or to the Port of Longview. 
d Car length is average of car types handled (Wolter pers. comm.) and Hellerworx observations, December 3, 2014. Locomotive type based on Hellerworx observations, 

December 3, 2014. 
e Based on 10 mph average speed. 
f Manifest movements between Longview Junction yard and LVSW yard across bridge are generally cuts of cars moving as a yard transfer (Wolter pers. comm.). Occasionally 

LVSW yardmaster will direct BNSF or UP road crew to bring a manifest train off BNSF main line into the LVSW yard instead of switching it in Longview Junction yard 
because most of the cars on the train are destined to the Port of Longview. 

g EGT capacity for 4 trains per day but current volume is 2 (Wolter pers. comm.). Train size is BNSF standard grain unit shuttle train, 110 cars. Number of locomotives on 
grain unit trains and locomotive configuration (Wolter pers. comm.). Locomotive specs same as projected coal trains 3 GE AC 4400 units; 2 loaded and 2 empty trains per 
day. 

h Miscellaneous Port of Longview unit trains carry the following products: clay,1 train per month; soda ash, 2 or 3 trains per month; a few unit trains per year of potash and 
urea (Port of Longview pers. comm.) Volume estimates provided by Wolter (pers.comm.), LVSW (pers.comm.), and Port of Longview (pers. comm.). Estimated train length 
and locomotives provided by Wolter (pers. comm.), LVSW (pers. comm.), and Hellerworx experience. Port of Longview manifest traffic crossing the dike road is included in 
manifest traffic between the Longview Junction yard and LVSW yard. 

CLC = Columbia and Cowlitz Railway; LVSW = Longview Switching Company; mph = miles per hour 
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Figure 4a.  BNSF Spur and Reynolds Lead 
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Figure 4b.  BNSF Spur and Reynolds Lead  
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Figure 4c.  BNSF Spur and Reynolds Lead  
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2.2.1.1 BNSF Spur 

The BNSF Spur runs from the BNSF Seattle Subdivision mainline switch, across the Cowlitz River 

Bridge, to the LVSW yard. Baseline traffic on the BNSF Spur is approximately 7 trains (or switch 

movements) per day. The Port Industrial Rail Corridor connects with the BNSF Spur just east of the 

LVSW yard. Trains to or from the EGT, LLC and other Port of Longview facilities leave or enter the 

BNSF Spur at the Industrial Rail Corridor switch. Other trains originate or terminate in the LVSW 

yard. Dike Road is the only at-grade road crossing on the BNSF Spur. All 7 trains per day (on 

average) on the BNSF Spur cross Dike Road. 

The switch from the BNSF Spur to the Port Industrial Rail Corridor is a remotely controlled switch 

operated by the BNSF dispatcher. The speed limit through this area is 10 mph because of speed 

restrictions on the bridge. There is one main track, and traffic control is TWC. The capacity of the 

BNSF Spur is approximately 24 trains per day, which supports the current volume.   

2.2.1.2 Reynolds Lead 

The Reynolds Lead runs from the west end of the LVSW yard to the project area. There is one main 

track with TWC traffic control. The current speed limit is 10 mph. Capacity is approximately 24 

trains per day. Baseline traffic is just more than 2 trains per day, on average. Trains operating on the 

Reynolds Lead include an LVSW local crew that places and pulls cars at industrial facilities located 

along the Reynolds Lead 3 days per week and a local crew that delivers and picks up cars that are 

interchanged to and from the CLC at two sidings just west of California Way. CLC also operates on 

the Reynolds Lead between the Weyerhaeuser plant near Industrial Way and these sidings to deliver 

and pick up interchange cars to or from the LVSW rail line.  

The Reynolds Lead ends at the project area of the On-Site Alternative. There are four public at-grade 

road crossings on the Reynolds Lead between the LVSW yard and the project area (Figure 4). Not all 

of the trains cross each of these roads. The LVSW local crew switching industries on the Reynolds 

Lead crosses all four roads twice. The LVSW crew that interchanges cars to the CLC on the sidings 

crosses 3rd Avenue and California Way twice. The CLC crew interchanging cars to the LVSW rail line 

crosses twice over Oregon Way and Industrial Way on the way to the sidings.
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Chapter 3 
Impacts 

This chapter describes the pontential impacts on rail transportation that would result from 

construction and operation of the On-Site Alternative or the Off-Site Alternative, and the conditions 

under the No-Action Alternative.  

3.1 On-Site Alternative 
This section describes the potential impacts that could occur in the study area as a result of 

construction and operation of the On-Site Alternative.  

3.1.1 Construction: Direct Impacts 

The Reynolds Lead would be modified in the project area to accommodate unit train access to and 

from the export terminal. Because the project area is at the terminus of the Reynolds Lead, this 

construction would not affect existing rail traffic on the Reynolds Lead. Under the rail delivery 

scenario, trains transporting construction materials would travel to and from the project area. The 

unloading and maneuvering of project-related trains during construction in the project area would 

not affect the operations of existing rail traffic on the Reynolds Lead.  

3.1.2 Construction: Indirect Impacts 

Construction of the On-Site Alternative would result in the following indirect impact if construction 

materials are delivered by rail.  

Add Temporary Rail Traffic for Transport of Construction Materials 

The Applicant has stated that 2.1 million yards of suitable material would be needed for 

construction. This material would be transported to the project area by truck or rail. The 

Applicant estimates approximately two-thirds of the volume (1.4 million yards) would move 

during the first year of construction. The Applicant has further stated moving the suitable 

material by rail would require an estimated 350 loaded trains of 100 cars each, equivalent to 

700 trains (loaded and empty) over the construction period. During the first year of 

construction, when two–thirds of the volume would be transported, this would amount to 

approximately 467 trains or an average of 1.3 trains per day. 

The baseline rail traffic from Longview Junction to the LVSW yard (BNSF Spur) is approximately 

7 trains per day. Baseline trains consist of approximately 4 grain trains per day (2 loaded and 2 

empty) to/from the EGT grain terminal at the Port of Longview, 2 to 3 manifest trains per day 

from the BNSF main line to the LVSW yard, and an occasional unit train of clay, soda ash, or 

other trains destined to or from the Port of Longview. From the LVSW yard to the project area 

(Reynolds Lead), the baseline volume is approximately 2 trains per day. Therefore, baseline rail 

traffic and project-related construction trains would not exceed capacity of the Reynolds Lead 

and BNSF Spur. 
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3.1.3 Operations: Direct Impacts 

Operations of the On-Site Alternative would not result in any direct impacts on rail traffic. During 

operations, 8 loaded trains would travel to the project area daily, and 8 empty trains would travel 

from the project area daily. These trains would maneuver along the rail loop in the project area and 

would not affect rail traffic operations on the Reynolds Lead.  

3.1.4 Operations: Indirect Impacts 

Operation of the On-Site Alternative would result in the following indirect impact.  

Add Rail Traffic on the BNSF Spur and Reynolds Lead 

Operation of the On-Site Alternative would require moving loaded project-related trains from 

the Longview Junction to the project area and moving empty trains from the project area to 

Longview Junction. The Applicant has projected shipping tonnage for three phases of operation: 

Start Up, Stage 1, and Stage 2. Projected average coal volumes per year and per month and the 

corresponding number of loaded trains per month and per day are shown in Table 4. At full 

capacity, the export terminal would receive an average of 8 loaded trains and return an average 

of 8 empty and 8 loaded project-related trains per day in 2028. 

Table 4.  Loaded Train and Volume Forecast 
 

Start Up Stage 1 Stage 2 

Throughput (metric tons/year) 10,000,000 25,000,000 44,000,000 

Average train loaded trains/day  2 5 8 

The baseline volume in 2028 is estimated to be an average of 7 trains per day on the BNSF Spur 

and 4 trains per day on the Reynolds Lead (2 existing trains and 2 trains with the No-Action 

Alternative). Project-related trains would add 16 trains per day (8 loaded and 8 empty) on each 

of these segments for a total of 23 trains on the BNSF Spur and 20 trains on the Reynolds Lead. 

The Reynolds Lead and BNSF Spur have the capacity to handle baseline and project-related rail 

traffic.  

As described previously, LVSW has indicated it would expand system capacity as needed to meet 

additional future volume increases. LVSW would likely upgrade the traffic control technology on 

both the BNSF Spur and the Reynolds Lead from TWC to CTC. However, this improvement is not 

currently funded or authorized. In addition to converting to the CTC system, LVSW indicated it 

would upgrade the track on the Reynolds Lead and BNSF Spur by adding ballast, replacing ties, 

and upgrading the rails. These improvements would provide safer operation and increase 

maximum speed from 10 mph to 25 mph on the Reynolds Lead. The speed limit on the BNSF 

Spur is limited by the Cowlitz River Bridge, and so would remain at 10 mph. LVSW would also 

install a remotely operated electric switch connecting the BNSF Spur to the Reynolds Lead to 

allow continuous movement and more consistent operation. The electronic switch would 

eliminate the need for project-related trains to stop while a train crew member operates the 

switch. While LVSW has developed upgrade plans, it has not begun work or applied for permits. 

LVSW would start the permit and project funding processes once future volume increases 

become reasonably certain. 
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Table 5 provides additional information on anticipated operations over the Reynolds Lead and 

BNSF Spur, including the expected average time for project-related trains to cross each of the 

road crossings with the existing track infrastructure and with the planned infrastructure 

improvements.  

3.2 Off-Site Alternative 
This section describes the potential impacts that would occur in the study area as a result of 

construction and operation of the Off-Site Alternative.  

3.2.1 Construction: Direct Impacts 

Construction of the Off-Site Alternative would result in the following direct impact on rail 

transportation.  

Extend the Reynolds Lead  

The Off-Site Alternative would require construction of about 2,500 feet of additional track in the 

project area of the Off-Site Alternative to extend the Reynolds Lead to accommodate unit train 

access to and from the project area. Because the project area is at the terminus of the Reynolds 

Lead, this construction would not affect existing rail traffic on the Reynolds Lead. Under the rail 

delivery scenario, trains transporting construction materials would travel to and from the 

project area. The unloading and maneuvering of these trains during construction in the project 

area would not affect the operations of existing rail traffic on the Reynolds Lead.  

3.2.2 Construction: Indirect Impacts 

Construction of the Off-Site Alternative would result in the same indirect impacts as described for 

the On-Site Alternative. 

3.2.3 Operations: Direct Impacts 

During operations, 8 loaded trains would travel to the project area daily, and 8 empty trains would 

travel outbound from the project area daily. These trains would maneuver along the rail loop in the 

project area. Rail traffic operations in the project area would not affect rail traffic on the Reynolds 

Lead because rail operations would be limited to the project area.  

3.2.4 Operations: Indirect Impacts 

Operation of the Off-Site Alternative would result in the same indirect impacts on rail traffic as 

described for the On-Site Alternative. 
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Table 5.  BNSF Spur and Reynolds Lead Operations Detail—Incoming and Outgoing Project-Related Trainsa 
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Segment miles 1.50 0.38 0.84 0.56 0.11 0.07 0.80 0.22 2.90 

Estimated mph with planned track improvements 10 10 10 15 15/20 18/20 20 20 5 

Cumulative miles from BNSF main line switch at Longview Junction 1.50 1.88 2.72 3.28 3.39 3.46 4.26 4.48 7.38 

Estimated passing time with planned track improvements (minutes)b 8 8 8 5 5/4 4 4 4 16 

Estimated mph with current track infrastructurec 10 10 5 8 8/10 8/10 10 10 5 

Estimated passing time with current track infrastructure (minutes)c 8 8 16 10 10/8 10/8 8 8 16 

Notes: 
a Estimated coal train length, 125 cars, 3 GE AC; 4400 locomotives = 6,844 feet. 
b Track improvements include upgrading Reynolds Lead to speed limit of 25 mph, new bypass track around LVSW yard, and electronic switches onto Reynolds Lead. 

Train operation is estimated based on existing operations (Wolter, LVSW pers. comm.) and is consistent with Parsons Brinkerhoff 2014: Appendix B, page 20.  
c Train operation with current infrastructure is estimate based on existing operations and LVSW. 
mph = miles per hour; LVSW = Longview Switching Company 
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3.3 No-Action Alternative 
Under the No-Action Alternative, the Corps would not issue a Department of the Army permit 

authorizing construction and operation of the proposed export terminal. As a result, impacts 

resulting from constructing and operating the export terminal would not occur. In addition, not 

constructing the export terminal would likely lead to expansion of the adjacent bulk product 

business onto the On-Site Alternative project area. A limited-scale future expansion scenario 

proposed by the Applicant was evaluated. Under this scenario, approximately 2 trains per day would 

use the Reynolds Lead and BNSF Spur. The existing infrastructure on the Reynolds Lead and BNSF 

Spur would have sufficient capacity for 2 additional trains.  
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Chapter 4 
Required Permits 

No permits related to rail transportation would be required for the construction or operation of the 

On-Site Alternative or the Off-Site Alternative. 
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Chapter 1 
Introduction 

This technical report assesses the potential rail safety impacts of the proposed Millennium Bulk 

Terminals—Longview project (On-Site Alternative), Off-Site Alternative, and No-Action Alternative. 

This technical report describes the regulatory setting, establishes the method for assessing potential 

rail safety impacts, presents the historical and current rail safety conditions in the study area, and 

assesses potential impacts. The NEPA Vehicle Transportation Technical Report (ICF International 

and DKS Associates 2016) addresses at-grade crossing safety.  

1.1 Project Description 
Millennium Bulk Terminals—Longview, LLC (Applicant) proposes to construct and operate an 

export terminal in Cowlitz County, Washington, along the Columbia River (Figure 1). The export 

terminal would receive coal from the Powder River Basin in Montana and Wyoming and the Uinta 

Basin in Utah and Colorado via rail shipment, then load and transport the coal by ocean-going ships 

via the Columbia River and Pacific Ocean to overseas markets in Asia. The export terminal would be 

capable of receiving, stockpiling, blending, and loading coal by conveyor onto ships for export. 

Construction of the export terminal would begin in 2018. For the purpose of this analysis, it is 

assumed the export terminal would operate at full capacity by 2028. The following subsections 

present a summary of the On-Site Alternative, Off-Site Alternative, and No-Action Alternative. 

1.1.1 On-Site Alternative  

Under the On-Site Alternative, the Applicant would develop an export terminal on 190 acres (project 

area). The project area is located within an existing 540-acre area currently leased by the Applicant 

at the former Reynolds Metals Company facility (Reynolds facility), and land currently owned by 

Bonneville Power Administration. The project area is adjacent to the Columbia River in 

unincorporated Cowlitz County, Washington near Longview city limits (Figure 2).  

The Applicant currently and separately operates at the Reynolds facility, and would continue to 

separately operate a bulk product terminal on land leased by the Applicant. Industrial Way (State 

Route 432) provides vehicular access to the Applicant’s leased land. The Reynolds Lead and the 

BNSF Spur rail lines, both operated by Longview Switching Company (LVSW),1 provide rail access to 

the Applicant’s leased area from the BNSF Railway Company (BNSF) main line (Longview Junction) 

located to the east in Kelso, Washington. Ships access the Applicant’s leased area including the bulk 

product terminal via the Columbia River and berth at an existing dock (Dock 1) operated by the 

Applicant in the Columbia River. 

                                                             
1 LVSW is jointly owned by BNSF Railway Company (BNSF) and Union Pacific Railroad (UP). 
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Figure 1.  Project Vicinity  
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Figure 2.  On-Site Alternative  
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Under the On-Site Alternative, BNSF or Union Pacific Railroad (UP) trains would transport coal in 

rail cars from the BNSF main line at Longview Junction to the project area via the BNSF Spur and 

Reynolds Lead. Coal would be unloaded from rail cars, stockpiled and blended, and loaded by 

conveyor onto ocean-going ships at two new docks (Docks 2 and 3) on the Columbia River for export 

to Asia. 

Once construction is complete, the export terminal would have an annual throughput capacity of up 

to 44 million metric tons of coal. 2 The export terminal would consist of one operating rail track, 

eight rail tracks for the storage of rail cars, rail car unloading facilities, stockpile areas for coal 

storage, conveyor and reclaiming facilities, two new docks in the Columbia River (Docks 2 and 3), 

and ship-loading facilities on the two docks. Dredging of the Columbia River would be required to 

provide access to and from the Columbia River navigation channel and for berthing at the two new 

docks.  

Vehicles would access the project area from Industrial Way (State Route 432). Ships would access 

the project area via the Columbia River and berth at one of the two new docks. Trains would access 

the export terminal via the BNSF Spur and the Reynolds Lead. Terminal operations would occur 24 

hours per day, 7 days per week. The export terminal would be designed for a minimum 30-year 

period of operation. 

1.1.2 Off-Site Alternative  

Under the Off-Site Alternative, the export terminal would be developed on an approximately 220-

acre site adjacent to the Columbia River, located in both Longview, Washington, and unincorporated 

Cowlitz County, Washington, in an area commonly referred to as Barlow Point (Figure 3). The 

project area for the Off-Site Alternative is west and downstream of the project area for the On-Site 

Alternative. Most of the project area for the Off-Site Alternative is located within Longview city 

limits and owned by the Port of Longview. The remainder of the project area is within 

unincorporated Cowlitz County and privately owned. 

Under the Off-Site Alternative, BNSF or UP trains would transport coal from the BNSF main line at 

Longview Junction over the BNSF Spur and the Reynolds Lead, which would be extended 

approximately 2,500 feet to the west. Coal would be unloaded from rail cars, stockpiled and blended, 

and loaded by conveyor onto ocean-going ships at two new docks (Docks A and B) on the Columbia 

River. The Off-Site Alternative would serve the same purpose as the On-Site Alternative.  

Once construction is complete, the Off-Site Alternative would have an annual throughput capacity of 

up to 44 million metric tons of coal. The export terminal would consist of the same elements as the 

On-Site Alternative: one operating rail track, eight rail tracks for the storage of rail cars, rail car 

unloading facilities, stockpile areas for coal storage, conveyor and reclaiming facilities, two new 

docks in the Columbia River (Docks A and B), and ship-loading facilities on the two docks. Dredging 

of the Columbia River would be required to provide access to and from the Columbia River 

navigation channel and for berthing at the two new docks.  

 

                                                             
2 A metric ton is the U.S. equivalent to a tonne per the International System of Units, or 1,000 kilograms or 
approximately 2,204.6 pounds. 
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Figure 3.  Off-Site Alternative 
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Vehicles would access the project area via a new access road extending from Mount Solo Road (State 

Route 432) to the project area. Trains would access the terminal via the BNSF Spur and the extended 

Reynolds Lead. Ships would access the project area via the Columbia River and berth at one of the 

two new docks. Terminal operations would occur 24 hours per day, 7 days per week. The export 

terminal would be designed for a minimum 30-year period of operation. 

1.1.3 No-Action Alternative 

Under the No-Action Alternative, the U.S. Army Corps of Engineers would not issue the requested 

Department of the Army permit under the Clean Water Act Section 404 and the Rivers and Harbors 

Act Section 10. This permit is necessary to allow the Applicant to construct and operate the 

proposed export terminal.  

The Applicant plans to continue operating its existing bulk product terminal located adjacent to the 

On-Site Alternative project area, as well as expand this business whether or not a Department of the 

Army permit is issued. Ongoing operations would include storing and transporting alumina and 

small quantities of coal, and continued use of Dock 1. Maintenance of the existing bulk product 

terminal would continue, including maintenance dredging at the existing dock every 2 to 3 years. 

Under the terms of an existing lease, expanded operations could include increased storage and 

upland transfer of bulk products utilizing new and existing buildings. The Applicant would likely 

undertake demolition, construction, and other related activities to develop expanded bulk product 

terminal facilities.  

In addition to the current and planned activities, if the requested permit is not issued, the Applicant 

would intend to expand its bulk product terminal business onto areas that would have been subject 

to construction and operation of the proposed export terminal. In 2014, the Applicant described a 

future expansion scenario under No-Action Alternative that would involve handling bulk materials 

already permitted for off-loading at Dock 1. Additional bulk product transfer activities could involve 

products such as a calcine pet coke, coal tar pitch, cement, fly ash, and sand or gravel. While future 

expansion of the Applicant’s bulk product terminal business might not be limited to this scenario, it 

was analyzed to help provide context to a No-Action Alternative evaluation and because it is a 

reasonably foreseeable consequence of a Department of the Army denial.             

1.2 Regulatory Setting 
The jurisdictional authorities and corresponding regulations, statutes, and guidance for determining 

potential impacts on rail safety are summarized in Table 1. Those regulations pertaining to at-grade 

crossings are used in the NEPA Vehicle Transportation Technical Report (ICF International and DKS 

Associates 2016). 
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Table 1.  Regulations, Statutes, and Guidelines for Rail Safety 

Regulation, Statute, Guideline Description 

Federal 

National Environmental Policy Act 
(42 USC 4321 et seq.)  

Requires the consideration of potential environmental 
effects. NEPA implementation procedures are set forth in the 
President’s Council on Environmental Quality’s Regulations 
for Implementing NEPA (49 CFR 1105). 

U.S. Army Corps of Engineers NEPA 
Environmental Regulations (33 CFR 
230) 

Provides guidance for implementing the procedural 
provisions of NEPA for the Corps. It supplements Council on 
Environmental Quality regulations 40 CFR 1500‒1508.  

Federal Railroad Safety Act of 1970 Gives FRA rulemaking authority over all areas of rail line 
safety. FRA has designated that state and local law 
enforcement agencies have jurisdiction over most aspects of 
highway/rail grade crossings, including warning devices and 
traffic law enforcement. 

Highway Safety Act and the Federal 
Railroad Safety Act 

Gives FHWA and FRA regulatory jurisdiction over safety at 
federal highway/rail grade crossings. USDOT has 
promulgated rules addressing grade-crossing safety and 
provides funding for installation and improvement of 
warning devices. FRA has issued rules that impose minimum 
maintenance, inspection, and testing standards for at-grade 
crossing warning devices for highway/rail grade crossings on 
federal highways and state and local roads. 

FRA General Regulations  
(49 CFR 200‒299) 

Regulates safety, including operations, engineers, and crew 
(e.g., control of alcohol and drug use), track, signaling, and 
rolling stock (e.g., locomotives and passenger and freight 
cars) for common carrier rail lines that are part of the general 
rail line system of transportation.   

State 

Washington State Environmental 

Policy Act (WAC 197-11, RCW 43.21C) 

Requires state and local agencies in Washington to identify 

potential environmental impacts that could result from 

governmental decisions. 

Title 81, Transportation—Railroads, 
Crossings (RCW 81.53)  

Establishes requirements and process for railroad 
construction and extensions that would cross any existing 
railroad or highway at grade. Includes approval from the 
commission. 

Rail Companies—Clearances 

(480-60 WAC) 

Establishes operating procedures for railroad companies in 
Washington State. Includes rules of practice and procedure, 
walkway clearances, side clearances, track clearances, side 
clearances, track clearances, and rules for operation of excess 
dimension loads. 

Rail Companies—Operation  

(480-62 WAC) 

Establishes railroad operating procedures in Washington 
State. Includes general and procedural rules, safety rules, 
reporting requirement rules, and the establishment and 
distribution of a grade-crossing protective fund.  



U.S. Army Corps of Engineers  Introduction 

 

Millennium Bulk Terminals—Longview 
NEPA Rail Safety Technical Report 

1-8 
September 2016 

 

 

Regulation, Statute, Guideline Description 

Local 

Cowlitz County SEPA Regulations  
(CCC Code 19.11) 

Provide for the implementation of SEPA in Cowlitz County. 

Notes: 
NEPA = National Environmental Policy Act; CFR = Code of Federal Regulations; FRA = Federal Railroad 
Administration; FHWA = Federal Highway Administration; USDOT = U.S. Department of Transportation; WAC = 
Washington Administrative Code; RCW = Revised Code of Washington; CCC = Cowlitz County Code; SEPA = 
Washington State Environmental Policy Act 

1.3 Study Area 

The study areas are the same for both the On-Site Alternative and Off-Site Alternative. For direct 

impacts on rail safety, the study area is the project area. For indirect impacts, the study area is the 

project area plus the rail corridor of the Longview industrial area. For the purposes of the analysis, 

the rail corridor of the Longview industrial area is defined as the Reynolds Lead and BNSF Spur. 
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Chapter 2 
Affected Environment 

This chapter describes the methods for assessing the affected environment and determining impacts 

in the study area as they pertain to rail safety and the affected environment. 

2.1 Methods  
This section describes the sources of information and methods used to characterize the affected 

environment and assess the potential impacts of the On-Site Alternative, Off-Site Alternative, and 

No-Action Alternative on rail safety.  

The analysis used existing rail accident data from the Federal Railroad Administration (FRA) as the 

basis for the rail safety and accident analysis. While the Washington Utilities and Transportation 

Commission (WUTC) gathers information on accidents that occur in Washington State, WUTC does 

not have the corresponding data on train miles within the state for determining accidents per 

million train miles. Such accident rates provided by FRA, broken down by track class, are the basis of 

the rail safety analysis. Appendix A describes the observed data on accident rates nationwide.3 

The analysis used the following definition of a rail accident from FRA.  

Collisions, derailments, fires, explosions, acts of God, or other events involving the operation of 
railroad on-track equipment (standing or moving) and causing reportable damages greater than the 
reporting threshold for the year in which the accident/incident occurred. 

The FRA reporting threshold was $10,500 in 2015. Therefore, accidents include a wide variety of 

incidents and are not limited to collisions or derailments. 

Historically, accident rates (accidents per train mile) do not change dramatically from one year to 

the next, but generally trend downward over time due to improved control systems, 

communications, and inspection practices. As a result, using current data for future projections is 

conservative. Typically, year-to-year accident rates are more consistent than year-to-year traffic 

volumes on any specific route, which may vary substantially as new projects are added or demands 

change. 

2.1.1 Data Sources 

The following sources of information were used to evaluate the rail safety characteristics of the 

study area. 

 Train parameters including the number of rail cars (125 rail cars per unit trains) were based 

on information provided by the Applicant and existing BNSF train operations. 

 Baseline train traffic volumes for the Reynolds Lead and BNSF Spur were collected from 

LVSW and field observations.  

                                                             
3 Appendix A illustrates data for the most recent data available when the analysis was completed.  
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 Future project-related train traffic from the NEPA Rail Transportation Technical Report (ICF 

International and Hellerworx 2016), notably 8 loaded and 8 empty trains per day if the export 

terminal is constructed and operated at full terminal throughput in 2028.  

 Accident rates compiled by FRA for 2012 to 2014,4 along with analyses by Liu et al. (2011), and 

Anderson and Barkan (2004) giving derailment rates by track class and discussing the impacts 

of track class, train length, and signal systems. 

2.1.2 Impact Analysis  

The following methods were used to evaluate the potential impacts of the On-Site Alternative, Off-

Site Alternative, and No-Action Alternative on rail safety (train accidents). For the purposes of this 

analysis, construction impacts are based on peak construction period, assumed to be in 2018, which 

would average 1.3 construction trains per day (average of 0.65 loaded trains and 0.65 empty trains). 

Operations impacts are based on the maximum export terminal throughput capacity (up to 44 

million metric tons of coal per year), which would result in 8 loaded and 8 empty trains per day by 

2028. 

2.1.2.1 Accident Frequency 

The analysis considered one construction scenario and two operations scenarios. 

 2018 Construction: Average of 1.3 trains per day 

 2028 Baseline Conditions: 2028 conditions without the proposed export terminal 

 2028 On-Site Alternative and Off-Site Alternative: Full train operations in 2028 (8 loaded 

and 8 empty trains per day on the Reynolds Lead and BNSF Spur) 

Train accident rates are generally distinguished only by freight versus passenger service, not by 

specific cargoes. Both loaded and unloaded project-related trains were evaluated, as well as other 

existing rail traffic. Given that the project would operate unit trains of approximately 125 rail cars 

that would travel from the mines to the project area without being split up, trains would generally 

pass around or straight through yards without switching.  

The number of accidents (primarily collisions and derailments) resulting from train operations 

based on accident rates from FRA were estimated. Rates, in combination with the specifics of the 

operations (e.g., number of trains, route length, track class), were analyzed to estimate the number 

of accidents per year. The analysis compared predicted rates (in accidents per million train miles) 

for all railroads for reference with rates specific to BNSF and UP (as co-owners of LVSW) as the first 

step in estimating the accident rates with project-related trains (Table 2). 

                                                             
4 2014 data were the most recent available data when the analysis was completed. 
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Table 2.  Nationwide Train Accident Rates  

Year 

Accident Rate per Million Train Miles 

All Railroads  
(Passenger and Freight Trains) BNSF (Freight Trains) UP (Freight Trains) 

2012 2.41 2.20 3.04 

2013 2.43 2.11 3.02 

2014 2.27 1.89 2.82 

Notes: 
Source: Federal Railroad Administration (2015). 
BNSF = BNSF Railway Company; UP = Union Pacific Railroad 

BNSF’s accident rates are similar to but lower than the average for all railroads. UP has slightly 

higher accident rates. LVSW did not have any reported train accident data in the FRA database for 

2012 to 2014; that is, there were no train accidents experienced in this time period on the Reynolds 

Lead or BNSF Spur. Given the rail transportation associated with the proposed export terminal 

would primarily be BNSF trains, a rate of 2 accidents per million train miles (the national average 

for BNSF over the last 2 years) was used as the starting point of the accident analysis. Specific train 

accident rates for the Reynolds Lead and BNSF Spur were not available because FRA data do not 

include train accident rates by state, only nationally. In addition, WUTC does not collect data for a 

Washington State accident rate to be calculated. For these reasons, the national average for BNSF 

over the last 2 years was used. FRA data include accident count by state (Appendix A) but does not 

include accident rate data by state. 

The predicted number of accidents per year was calculated by multiplying segment length by the 

number of trains per year by accident rate. Accident rates have been shown to vary considerably by 

track class, with higher accident rates (i.e., yielding more accidents for a given number of train 

miles) occurring on lower track classes. Lower track classes have lower maximum operating speeds, 

which can reduce the consequences of those accidents which occur (Table 3).5   

Liu et al. (2011) derived derailment rates by track class,6 using the baseline rates provided by 

Anderson and Barkan (2004). They found the derailment rates for Track Class 3 were twice the 

average across all track classes. Derailment rates for Track Class 2 were six times the average for all 

track classes (accident rates increase with lower track classes generally due to lower track quality). 

Conversely, derailment rates for Track Class 5 were roughly a third of the overall average rates 

(accident rates decrease with higher track classes due to higher track quality and other factors).   

                                                             
5 Train accidents are more likely to occur on lower track classes (which have lower maximum allowable speeds) 
because lower track classes are not designed and maintained to the same standards as higher track classes. Track 
Class 1 is restricted to 10 miles per hour (mph) for freight trains. Rail yards, branch lines, many short lines, and 
industrial track are typical places to see Track Class 1 track. Track Class 2 may have travel up to 25 mph for freight 
trains. Secondary main lines, branch lines, and many regional railroads may have track in this category. 
6 FRA’s track safety standards establish nine specific classes of track (Class 1 to Class 9). Class of Track is based on 
standards for track structure and geometry, and inspection frequency. Each Class of Track has a maximum 
allowable operating speed for both freight and passenger trains. The higher the Class of Track, the greater the 
allowable track speed and the more stringent the track safety standards that apply.  
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Table 3.  Railroad Track Classes 

Class 

Maximum Allowable Speed (mph) 

Freight Rail Passenger Rail 

Excepted (X) 10 NA 

1 10 15 

2 25 30 

3 40 60 

4 60 80 

5 80 90 

6 NA 110 

7 NA 125 

8 NA 150 

9 NA 200 

Notes: 
Source: 49 CFR Part 213.9 Classes of track: operating speed limits 
mph = miles per hour; NA = not applicable 

Anderson and Barkan (2004) found that the overall accident rate (collisions, derailments, and other 

types) on Track Class 3 was roughly twice the total rate for all track classes (the same pattern seen 

for just derailments), and the overall rate on Track Classes 4 and higher was roughly half the total 

rate for all track classes.   

Data on accident rates by track class was used to generate a base accident rate for each segment. 

The Reynolds Lead and BNSF Spur are currently maintained in accordance with the Track Class 1 

standard. LVSW plans to make improvements to the Reynolds Lead and BNSF Spur to Track Class 2 

for full capacity operation of the proposed export terminal (ICF International and Hellerworx 2016).  

Using the base rate of two accidents per million train miles, a multiplier of six was then applied as an 

adjustment to better represent Track Class 2, as indicated by Anderson and Barkan (2004) and Liu 

et al. (2011), resulting in a rate of 12.0 accidents per million train miles for the Reynolds Lead and 

the BNSF Spur if improvements are made to Track Class 2.  

Accident rates for Track Class 1, which include the Reynolds Lead and BNSF Spur (without planned 

improvements), are more uncertain, given the small percentage of train miles that occur on such 

track. Moreover, many sources group Excepted Track (Class X) and Track Class 1 in their data 

collection making it harder to obtain accident rates specific to just Track Class 1. (Track Class X is 

excepted from many of the stated geometry and structural requirements and is thus limited to 

extremely low speeds.) As such, it is hard to predict accident rates for Track Class 1, but they could 

be 10 to 20 or more times higher than the base (total) accident rate. Thus, if the Reynolds Lead and 

the BNSF Spur are not improved, the estimates for the Reynolds Lead and the BNSF Spur presented 

in this report would increase by roughly a factor of 1.5 to 3 times higher than Track Class 2. 
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2.2 Affected Environment 
As described in Section 1.1, Project Description, the project areas for both the On-Site Alternative and 

the Off-Site Alternative are located near Longview, Washington. Both project areas would connect to 

the BNSF main line and Longview Junction via the Reynolds Lead and the BNSF Spur. The Reynolds 

Lead currently serves several industries, including Weyerhaeuser and North Pacific Paper 

Corporation, and existing operations in the Applicant’s leased area of the On-Site Alternative. The 

BNSF Spur and Reynolds Lead are described as follows. 

 BNSF Spur. This section of track (approximately 2.1 miles) runs from the BNSF Seattle 

Subdivision main line switch at Longview Junction, across the Cowlitz River Bridge to the LVSW 

yard (Figure 1). Baseline traffic on the BNSF Spur is about 7 trains per day, on average. The Port 

Industrial Rail Corridor connects with the BNSF Spur just east of the LVSW yard. Trains to or 

from various port facilities leave or enter the BNSF Spur at the Industrial Rail Corridor switch. 

The rest of the trains originate or terminate in the yard.  

 Reynolds Lead. This section of track (approximately 5.0 miles) runs from the west end of the 

yard to the existing bulk product terminal (Figure 1). Baseline traffic is just over 2 trains per 

day, on average. Trains operating on the Reynolds Lead include an LVSW local crew switching 

industries along the Reynolds Lead 3 days per week and a local crew that delivers and picks up 

rail cars that are interchanged at two sidings west of California Way.  
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Chapter 3 
Impacts 

This chapter describes the impacts on rail safety that would result from construction and operations 

of the On-Site Alternative or the Off-Site Alternative or the ongoing conditions under the No-Action 

Alternative. 

3.1 On-Site Alternative 
Potential impacts on rail safety from the On-Site Alternative are described below.  

3.1.1 Construction: Direct Impacts 

As described previously, trains transporting construction materials for the On-Site Alternative 

would travel to and from the project area. Any accidents would be related to construction activities 

in the project area and would not affect rail safety on the Reynolds Lead.  

3.1.2 Construction: Indirect Impacts 

Construction of the On-Site Alternative would result in the following indirect impacts.  

Increase the Potential for Train Accidents  

The Applicant has indicated materials needed for construction of the On-Site Alternative could be 

delivered by rail. This would require an estimated 350 loaded trains of 100 rail cars each to deliver 

rock. There would also be the same number of empty trains returning. All rail traffic would use the 

Reynolds Lead and BNSF Spur.  

It is anticipated two-thirds of the rock would be transported during the first year of construction 

(2018), which would amount to approximately 467 one-way train trips (half loaded, half empty; an 

average of 1.3 trains per day). The numbers of accidents were predicted using the rates described in 

Section 2.1.2.1, Accident Frequency, and are presented in Table 4 for the major route segments.  

Table 4.  Predicted Construction Train Accidents during Peak Year of Construction 

Segment Length (miles) 
Predicted Project-Related 

Train Accidentsa 

Loaded Trains    

Longview Junction to LVSW Yard (BNSF Spur) 2.1 0.01 

LVSW Yard to Project Area (Reynolds Lead) 5.0 0.03 

Empty Trains    

Project Area to LVSW Yard (Reynolds Lead) 5.0 0.03 

LVSW Yard to Longview Junction (BNSF Spur) 2.1 0.01 

Notes: 
a Accidents related to the construction of the On-Site Alternative; these would be additive to the baseline results. 
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Project-related construction rail traffic would have a relatively small increase on predicted train 

accidents.  

3.1.3 Operations: Direct Impacts 

During operation of the On-Site Alternative at full terminal capacity, 8 loaded trains would travel to 

the project area and 8 empty trains would travel from the project area on average per day. These 

trains would maneuver along the rail loop in the project area. The predicted accident frequency 

within the project area was not analyzed because the rail loop is in an industrial facility. Any rail 

accidents in the project area would be related to overall operation of the export terminal and would 

not affect rail safety on the Reynolds Lead or BNSF Spur.  

3.1.4 Operations: Indirect Impacts 

Operation of the On-Site Alternative would result in the following indirect impact. 

Increase the Potential for Train Accidents  

The predicted number of train accidents during operation of the On-Site Alternative is based on 

accident rates as described in Section 2.1, Methods; however, only inbound accidents would involve 

loaded trains. In addition, some accidents might involve standing derailments of a few rail cars. 

The predicted accident frequencies on the Reynolds Lead and BNSF Spur in 2028 are shown in 

Table 5. The analysis is based on 8 loaded inbound trains per day and 8 empty outbound trains per 

day. As described previously, if the Reynolds Lead and BNSF Spur are not improved to Class 2 

standards, the estimates for the Reynolds Lead and BNSF Spur would increase by roughly a factor of 

1.5 to 3. 

Table 5.  Predicted Train Accidents per Year by Scenario 

Segment 

Length 

(miles) 
Project-Related 

Trains 2028a Baseline 2028 

Loaded Trains     

Longview Junction, WA to LVSW Yard (BNSF Spur) 2.1 0.07 0.06 

LVSW Yard to Project Area (Reynolds Lead) 5.0 0.18 0.04 

Empty Trains     

Project Area to LVSW Yard (Reynolds Lead) 5.0 0.18 0.04b 

LVSW Yard to Longview Junction (BNSF Spur) 2.1 0.07 0.06b 

Notes: 
a Additive to Baseline 2028 results. 
b Due to overlap of inbound and outbound routes on these segments, avoid double counting Baseline 2028 

results in totals. 

The predicted number of accidents on the Reynolds Lead and BNSF Spur is 0.25 accident per year 

for the loaded project-related trains and 0.25 accident per year for empty project-related trains. This 

is roughly one accident for each type of train (inbound and outbound) every 4 years.  

Not every accident of a loaded train would result in a coal spill. A collision or derailment could 

involve only a few rail cars or lead to a greater number of rail cars being derailed in certain 

circumstances. Not all rail cars that derail would end up in a position where some or all of their 
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contents could be spilled, depending on the nature of the accident (such as size, speed, and terrain). 

Spills on the Reynolds Lead or BNSF Spur would be expected to be small given the lower operating 

speeds, which yield less energetic collisions and derailments, and therefore fewer rail cars derailing 

and even fewer releasing cargo.  

Available data (Liu et al. 2012) indicate that while the average number of rail cars derailed on main 

line track (all classes and speeds) for 2001 through 2010 was 8.4 cars, the number of rail cars on 

yard, siding, and industry track ranged from 4.3 to 5.7 rail cars. These types of track provide an 

indication of the consequences of derailments at very low speeds.  

3.2 Off-Site Alternative  
Potential direct and indirect impacts on rail safety for an export terminal constructed at the Off-Site 

Alternative location would be the same as those described for the On-Site Alternative. However, the 

predicted number of accidents for project-related trains on the Reynolds Lead would be slightly 

higher for the Off-Site Alternative because trains would travel approximately 0.5 mile further on the 

Reynolds Lead to the Off-Site Alternative project area. During operations in 2028, the predicted 

number of accidents for project-related trains on the Reynolds Lead would be 0.38 accident per 

year. 

3.3 No-Action Alternative 
A limited-scale future expansion scenario proposed by the Applicant was evaluated, as described in 

Section 1.1.3, No-Action Alternative. Under this scenario, approximately 2 trains per day would use 

the Reynolds Lead and BNSF Spur (mixed-load trains). The potential for a mixed-load train accident 

on the Reynolds Lead and BNSF Spur would presumably be lower than for a unit train because 

mixed-load trains tend to not have as many rail cars as a unit train. 
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Chapter 4 
Permits 

No permits or approvals related to rail safety would be required from federal, state, or local 

authorities for the construction or operation of the On-Site Alternative or Off-Site Alternative. 
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Appendix A 
Rail Safety Data 

This appendix summarizes the rail accident data used in the rail safety analysis. 

Observed Accident Rates 
Rail accident data available from the Federal Railroad Administration (FRA) were used as the initial 

basis for the analysis. The specific data analyzed were for 2012 through 2014, with the data 

compiled in 2015 (Federal Railroad Administration 2015), the most recent available data when the 

analysis was completed.  

The following image shows the raw data as it appears in the FRA database for all railroads. FRA data 

include accident counts on the state and county levels, and accident rates are calculated on a 

nationwide basis. The data of interest to the analysis are the total year rates for 2012, 2013, and 

2014. The rates are per million train miles. 

The following two figures show the extracted data for BNSF Railway Company (BNSF) and Union 

Pacific Railroad (UP) for all track classes. 
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The analysis compared the historic rates (in accidents per million train miles) for all railroads with 

rates specific to BNSF and UP (as co-owners of Longview Switching Company [LVSW]) as the first 

step in determining the appropriate accident rates for the project, as shown in Table 1. The data in 

this table summarize the outputs from the FRA database. 
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Table 1.  Train Accident Rates 

Year 

Accident Rate per Million Train Miles (FRA 2015) 

All Railroads BNSF UP 

2012 2.41 2.20 3.04 

2013 2.43 2.11 3.02 

2014 2.27 1.89 2.82 

These data were then supplemented with data from analyses by Liu et al. (2011) and Anderson and 

Barkan (2004), which identify derailment rates by track class. 
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Chapter 1 
Introduction 

This technical report assesses the potential vehicle transportation impacts of the proposed 

Millennium Bulk Terminals—Longview project (On-Site Alternative), Off-Site Alternative, and No-

Action Alternative. This report describes the regulatory setting, establishes the method for assessing 

potential vehicle transportation impacts, presents the historical and current vehicle transportation 

conditions in the study area, and assesses potential impacts. 

1.1 Project Description 
Millennium Bulk Terminals—Longview, LLC (Applicant) proposes to construct and operate an 

export terminal in Cowlitz County, Washington, along the Columbia River (Figure 1). The export 

terminal would receive coal from the Powder River Basin in Montana and Wyoming and the Uinta 

Basin in Utah and Colorado via rail shipment, then load and transport the coal by ocean-going ships 

via the Columbia River and Pacific Ocean to overseas markets in Asia. The export terminal would be 

capable of receiving, stockpiling, blending, and loading coal by conveyor onto ships for export. 

Construction of the export terminal would begin in 2018. For the purpose of this analysis, it is 

assumed the export terminal would operate at full capacity by 2028. The following subsections 

present a summary of the On-Site Alternative, Off-Site Alternative, and No-Action Alternative. 

1.1.1 On-Site Alternative  

Under the On-Site Alternative, the Applicant would develop an export terminal on 190 acres (project 

area). The project area is located within an existing 540-acre area currently leased by the Applicant 

at the former Reynolds Metals Company facility (Reynolds facility), and land currently owned by 

Bonneville Power Administration. The project area is adjacent to the Columbia River in 

unincorporated Cowlitz County, Washington near Longview city limits (Figure 2).  

The Applicant currently and separately operates at the Reynolds facility, and would continue to 

separately operate a bulk product terminal on land leased by the Applicant. Industrial Way (State 

Route 432) provides vehicular access to the Applicant’s leased land. The Reynolds Lead and the 

BNSF Spur rail lines, both operated by Longview Switching Company (LVSW),1 provide rail access to 

the Applicant’s leased area from the BNSF Railway Company (BNSF) main line (Longview Junction) 

located to the east in Kelso, Washington. Ships access the Applicant’s leased area including the bulk 

product terminal via the Columbia River and berth at an existing dock (Dock 1) operated by the 

Applicant in the Columbia River. 

                                                             
1 LVSW is jointly owned by BNSF Railway Company (BNSF) and Union Pacific Railroad (UP). 
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Figure 1. Project Vicinity  
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Figure 2. On-Site Alternative  
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Under the On-Site Alternative, BNSF or Union Pacific Railroad (UP) trains would transport coal in 

rail cars from the BNSF main line at Longview Junction to the project area via the BNSF Spur and 

Reynolds Lead. Coal would be unloaded from rail cars, stockpiled and blended, and loaded by 

conveyor onto ocean-going ships at two new docks (Docks 2 and 3) on the Columbia River for export 

to Asia. 

Once construction is complete, the export terminal would have an annual throughput capacity of up 

to 44 million metric tons of coal. 2 The export terminal would consist of one operating rail track, 

eight rail tracks for the storage of rail cars, rail car unloading facilities, stockpile areas for coal 

storage, conveyor and reclaiming facilities, two new docks in the Columbia River (Docks 2 and 3), 

and ship-loading facilities on the two docks. Dredging of the Columbia River would be required to 

provide access to and from the Columbia River navigation channel and for berthing at the two new 

docks.  

Vehicles would access the project area from Industrial Way (State Route 432). Ships would access 

the project area via the Columbia River and berth at one of the two new docks. Trains would access 

the export terminal via the BNSF Spur and the Reynolds Lead. Terminal operations would occur 24 

hours per day, 7 days per week. The export terminal would be designed for a minimum 30-year 

period of operation. 

1.1.2 Off-Site Alternative  

Under the Off-Site Alternative, the export terminal would be developed on an approximately 220-

acre site adjacent to the Columbia River, located in both Longview, Washington, and unincorporated 

Cowlitz County, Washington, in an area commonly referred to as Barlow Point (Figure 3). The 

project area for the Off-Site Alternative is west and downstream of the project area for the On-Site 

Alternative. Most of the project area for the Off-Site Alternative is located within Longview city 

limits and owned by the Port of Longview. The remainder of the project area is within 

unincorporated Cowlitz County and privately owned. 

Under the Off-Site Alternative, BNSF or UP trains would transport coal from the BNSF main line at 

Longview Junction over the BNSF Spur and the Reynolds Lead, which would be extended 

approximately 2,500 feet to the west. Coal would be unloaded from rail cars, stockpiled and blended, 

and loaded by conveyor onto ocean-going ships at two new docks (Docks A and B) on the Columbia 

River. The Off-Site Alternative would serve the same purpose as the On-Site Alternative.  

Once construction is complete, the Off-Site Alternative would have an annual throughput capacity of 

up to 44 million metric tons of coal. The export terminal would consist of the same elements as the 

On-Site Alternative: one operating rail track, eight rail tracks for the storage of rail cars, rail car 

unloading facilities, stockpile areas for coal storage, conveyor and reclaiming facilities, two new 

docks in the Columbia River (Docks A and B), and ship-loading facilities on the two docks. Dredging 

of the Columbia River would be required to provide access to and from the Columbia River 

navigation channel and for berthing at the two new docks.  

 

                                                             
2 A metric ton is the U.S. equivalent to a tonne per the International System of Units, or 1,000 kilograms or 
approximately 2,204.6 pounds. 
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Figure 3.  Off-Site Alternative 



U.S. Army Corps of Engineers 

 

Introduction 
 

Millennium Bulk Terminals—Longview 
NEPA Vehicle Transportation Technical Report 

1-1 
September 2016 

 

 

Vehicles would access the project area via a new access road extending from Mount Solo Road (State 

Route 432) to the project area. Trains would access the terminal via the BNSF Spur and the extended 

Reynolds Lead. Ships would access the project area via the Columbia River and berth at one of the 

two new docks. Terminal operations would occur 24 hours per day, 7 days per week. The export 

terminal would be designed for a minimum 30-year period of operation. 

1.1.3 No-Action Alternative 

Under the No-Action Alternative, the U.S. Army Corps of Engineers would not issue the requested 

Department of the Army permit under the Clean Water Act Section 404 and the Rivers and Harbors 

Act Section 10. This permit is necessary to allow the Applicant to construct and operate the 

proposed export terminal.  

The Applicant plans to continue operating its existing bulk product terminal located adjacent to the 

On-Site Alternative project area, as well as expand this business whether or not a Department of the 

Army permit is issued. Ongoing operations would include storing and transporting alumina and 

small quantities of coal, and continued use of Dock 1. Maintenance of the existing bulk product 

terminal would continue, including maintenance dredging at the existing dock every 2 to 3 years. 

Under the terms of an existing lease, expanded operations could include increased storage and 

upland transfer of bulk products utilizing new and existing buildings. The Applicant would likely 

undertake demolition, construction, and other related activities to develop expanded bulk product 

terminal facilities.  

In addition to the current and planned activities, if the requested permit is not issued, the Applicant 

would intend to expand its bulk product terminal business onto areas that would have been subject 

to construction and operation of the proposed export terminal. In 2014, the Applicant described a 

future expansion scenario under No-Action Alternative that would involve handling bulk materials 

already permitted for off-loading at Dock 1. Additional bulk product transfer activities could involve 

products such as a calcine pet coke, coal tar pitch, cement, fly ash, and sand or gravel. While future 

expansion of the Applicant’s bulk product terminal business might not be limited to this scenario, it 

was analyzed to help provide context to a No-Action Alternative evaluation and because it is a 

reasonably foreseeable consequence of a Department of the Army denial.             

1.2 Regulatory Setting 
Different jurisdictions are responsible for the regulation of highway/rail grade crossings. These 

jurisdictions and their regulations, statutes, and guidance that apply to grade crossings are 

summarized in Table 1. 



U.S. Army Corps of Engineers 

 

Introduction 
 

Millennium Bulk Terminals—Longview 
NEPA Vehicle Transportation Technical Report 

1-2 
September 2016 

 

 

Table 1.  Regulations, Statutes, and Guidelines for Highway/Rail Grade Crossings 

Regulation, Statute, Guideline Description 

Federal 

National Environmental Policy Act 
(42 USC 4321 et seq.)  

Requires the consideration of potential environmental 
effects. NEPA implementation procedures are set forth in 
the President’s Council on Environmental Quality’s 
Regulations for Implementing NEPA (49 CFR 1105). 

U.S. Army Corps of Engineers NEPA 
Environmental Regulations (33 CFR 230) 

Provides guidance for implementing the procedural 
provisions of NEPA for the Corps. It supplements CEQ 
regulations 40 CFR 1500‒1508.  

Federal Railroad Safety Act of 1970 Gives FRA rulemaking authority over all areas of rail line 
safety. FRA has designated that state and local law 
enforcement agencies have jurisdiction over most aspects 
of highway/rail grade crossings, including warning 
devices and traffic law enforcement. 

Highway Safety Act and the Federal 
Railroad Safety Act 

Gives FHWA and FRA regulatory jurisdiction over safety at 
federal highway/rail grade crossings. USDOT has 
promulgated rules addressing grade-crossing safety and 
provides funding for installation and improvement of 
warning devices. All traffic control devices installed at 
railroad facilities involving federal aid projects must 
comply with 23 CFR 655F. On certain projects where 
federal funds are used for the installation of warning 
devices, those devices must include automatic gates and 
flashing light signals. FRA has issued rules that impose 
minimum maintenance, inspection, and testing standards 
for at-grade crossing warning devices for highway/rail 
grade crossings on federal highways and state and local 
roads (49 CFR 234‒236). 

Railroad-Highway Grade Crossing 
Handbook (Federal Highway 
Administration 2007); Manual on 
Uniform Traffic Control Devices  
(23 USC 109(d)) 

Guidance document on grade-crossing safety issues, 
including the selection and placement of warning devices 
and enforcement of traffic laws. Provides guidelines for 
traffic control devices that consider delay, roadway 
classification, average daily traffic, number of trains per 
day, and train speed at grade crossings. 

State 

Washington State Environmental Policy 
Act (WAC 197-11, RCW 43.21C) 

Requires state and local agencies in Washington to 
identify potential environmental impacts that could result 
from governmental decisions. 

Washington State Department of 
Transportation, Design Manual M 
22.01.10, November 2015, Chapter 1350, 
Railroad Grade Crossings 

Sets forth requirements and guidance on the design and 
treatment of state highway-rail grade crossings.  

 

Motor Vehicles, Rules of the Road  
(RCW 46.61.340) 

Sets forth that train traffic has the right-of-way at grade 
crossings. 

Washington Utilities and Transportation 
Commission 

Inspects and issues violations for hazardous materials 
shipments; track, signal, and train control; and rail 
operations. WUTC also regulates the construction, closure, 
or modification of public railroad crossings. In addition, 
WUTC inspects and issues defect notices if a crossing does 
not meet minimum standards. However, WUTC has no 
jurisdiction over public crossings in first-class cities.a  

http://www.mrsc.org/subjects/governance/firstclass.aspx
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Regulation, Statute, Guideline Description 

Local 

Cowlitz County SEPA Regulations  
(CCC Code 19.11) 

Provide for the implementation of SEPA in Cowlitz County. 

Railroad Trains Not to Block Streets 
(LMC 11.40.080) 

Prohibits trains from using any street or highway for a 
period longer than 5 minutes, except trains or cars in 
motion other than those engaged in switching activities. 

Notes: 
a Per RCW 35.01.01, a first-class city is a city with a population of 10,000 or more at the time of organization or 

reorganization that has adopted a charter. 
USC = United States Code; NEPA = National Environmental Policy Act; CFR = Code of Federal Regulations;  
Corps = U.S. Army Corps of Engineers; FRA = Federal Railroad Administration; FHWA = Federal Highway 
Administration; USDOT = U.S. Department of Transportation; WAC = Washington Administrative Code;  
RCW = Revised Code of Washington; WUTC = Washington Utilities and Transportation Commission;  
CCC = Cowlitz County Code; SEPA = Washington State Environmental Policy Act; LMC = Longview Municipal Code 

1.3 Study Area 
The study areas are the same for both the On-Site Alternative and Off-Site Alternative. The study 

area for direct impacts is the project area. The study area for indirect impacts is defined as the 

project areas and the arterials and secondary roads in the vicinity of the Longview industrial area 

along the Columbia River between the project area and Interstate 5. This includes the following 

active public and private at-grade crossings of the Reynolds Lead and BNSF Spur. 

 Project area access at 38th Avenue, south of Industrial Way (State Route [SR] 432) 

 Weyerhaeuser access at Washington Way, south of Industrial Way  

 Weyerhaeuser North Pacific Paper Corporation (NORPAC) access, south of Industrial Way  

 Industrial Way, west of Oregon Way (SR 433) 

 Oregon Way, north of the Industrial Way/Oregon Way intersection 

 California Way, north of Industrial Way 

 3rd Avenue (SR 432), north of the 3rd Avenue/Industrial Way intersection 

 Dike Road, south of Tennant Way 
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Chapter 2 
Affected Environment 

This chapter describes the methods for assessing the affected environment and determining 

impacts, and the affected environment in the study area, as they pertain to vehicle transportation. 

2.1 Methods  
This section describes the sources of information and methods used to characterize the affected 

environment and assess the potential impacts of the On-Site Alternative, Off-Site Alternative, and 

No-Action Alternative on vehicle transportation.  

2.1.1 Data Sources 

The following sources of information were used to evaluate the vehicle transportation 

characteristics of the study area. 

 U.S. Department of Transportation (USDOT) Grade Crossing Inventory, Federal Railroad 

Administration (FRA) 

 Data provided by the Washington Utilities and Transportation Commission (WUTC) 

 SR 432 Highway Improvements and Rail Realignment Study (Cowlitz-Wahkiakum Council of 

Governments 2014)  

 Traffic and Transportation Resource Report (URS Corporation 2014) provided by the Applicant 

 Data and information provided by the Applicant 

2.1.2 Impact Analysis  

The following methods were used to evaluate the potential impacts of the On-Site Alternative, Off-

Site Alternative, and No-Action Alternative on vehicle transportation. For the purposes of this 

analysis, construction impacts are based on the peak construction year and operations impacts are 

based on maximum throughput capacity (44 million metric tons of coal per year). 

2.1.2.1 No-Action Alternative Analysis 

Regardless of whether the export terminal is built, the Applicant has indicated operations of the 

existing bulk product terminal would continue. Commodity storage and shipment would increase as 

described in Section 1.1.3, No-Action Alternative. The Applicant could expand the existing bulk 

product terminal onto the 190-acre project area, developing storage and shipment facilities to 

increase existing coal and alumina operations under current permits. 

By 2018, the planned bulk product terminal activities would increase the average length of trains up 

to 575 feet along the Reynolds Lead and the BNSF Spur. By 2028, potential bulk product terminal 

activities would add 1.71 daily train trips to the Reynolds Lead (each trip approximately 2,068 feet 

long). 
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2.1.2.2 Construction Impact Analysis  

The Applicant has identified three construction scenarios. 

 Truck. If material is delivered by truck, it is assumed that approximately 88,000 truck trips 

would be required over the construction period. Approximately 56,000 loaded trucks would be 

needed during the peak construction year. 

 Rail. If material is delivered by rail, it is assumed that approximately 35,000 loaded rail cars 

would be required over the construction period. Approximately two-thirds of the rail trips 

would occur during the peak construction year. 

 Barge. If material is delivered by barge, it is assumed that approximately 1,130 barge trips 

would be required over the construction period. Approximately two-thirds of the barge trips 

would occur during the peak construction year. Because the project area does not have an 

existing barge dock, the material would be off-loaded at an existing dock elsewhere on the 

Columbia River and transported to the project area by truck. 

The analysis analyzed all three scenarios.3 Potential impacts on vehicle transportation during 

construction could occur because of construction-worker vehicle traffic and additional trucks or 

trains bringing preload materials to the project area. This analysis of potential impacts assumes the 

following, based primarily on information provided by the Applicant. 

 Approximately 1.4 million cubic yards of material would be imported to the project area during 

the first year of construction.4 No exporting of material would occur during the first year of 

construction.  

 Approximately 200 construction workers would be on site daily in 2018, with the work shift 

ending at 5:00 p.m., and approximately 90% of the construction workers traveling in a 

single-occupancy vehicle. This would result in 180 outbound trips during the PM peak hour 

(AECOM 2015). 

 If construction materials are delivered by truck (truck or barge construction scenario), 

approximately 56,000 trucks, or a maximum of 330 per day, would be required to deliver the 

preload material to the site during the first year of construction, which is assumed to be 2018. 

This estimate is based on a combination of the amount of space likely available on site for 

unloading material and the anticipated number of trucks available in the area capable of hauling 

preload material. Given that 56,000 trucks would be required to deliver the preload material in 

2018, it would take approximately 170 working days for delivery. This would result in 

42 inbound and 42 outbound trucks per hour (assuming deliveries occur evenly over an 8-hour 

workday) (AECOM 2015). 

 If construction material is delivered by rail (rail construction scenario), approximately 

23,333 loaded rail cars would be required to deliver the preload material to the site in 2018. 

Assuming 100-car rail trains, this would result in approximately 233 inbound and 233 outbound 

trains or an average of 1.3 trains per day (each approximately 6,219 feet long), in 2018 

(URS Corporation 2014). 

                                                             
3 The barge scenario includes the same assumptions as the truck scenario because materials would be transferred 
from barge to truck and delivered to the project area.  
4 A total of 2.1 million cubic yards of rock is expected to be imported over the duration of the construction period. 
For the purposes of the vehicle transportation analysis, the first year of construction was used because two-thirds 
of the volume is expected to be transported during the first year and represents the peak year.  
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2.1.2.3 Operations Impact Analysis 

It is assumed that the export terminal would be operating in 2028 at the planned capacity of 44 

million metric tons per year of coal throughput. Full operations of the export terminal would add 

16 new daily train trips (8 loaded and 8 empty), each an average of 6,844 feet (approximately 1.3 

miles) long. Based primarily on estimates provided by the Applicant, approximately 135 employees 

would be needed to operate the export terminal. Operations would occur 24 hours per day, 7 days 

per week, and 50% of the employees would exit and 30% would enter the site during the PM peak 

hour. This would result in 41 inbound and 68 outbound trips during the PM peak hour (URS 

Corporation 2014).  

Reynolds Lead and BNSF Spur 

The types and number of trains from Longview Junction to the project area for existing year and 

2028 were developed from meetings with LVSW and the Port of Longview. 

As described in the NEPA Rail Transportation Technical Report (ICF International and Hellerworx 

2016), LVSW plans to upgrade the Reynolds Lead and part of the BNSF Spur as a separate action 

should it be warranted by increased rail traffic resulting from existing and future customers. 

Upgrades to the track would include adding ballast, replacing ties, and upgrading rail. These 

improvements would provide for safer operations and increased speed over the BNSF Spur and 

Reynolds Lead. LVSW would also install signals and upgrade the traffic control system to Centralized 

Traffic Control and add an electric, remotely operated switch from the BNSF Spur to the Reynolds 

Lead. Construction of these improvements would take approximately 6 months. Because these 

improvements are not certain, the vehicle transportation impact analysis analyzes current track 

infrastructure and with these planned track improvements. However, without planned track 

improvements to increase capacity, neither of the BNSF Spur or Reynolds Lead would have the 

capacity to handle all project-related trains and the growth in baseline traffic. Project-related trains 

would add 16 trains per day on the Reynolds Lead and BNSF Spur for a total of approximately 23 

trains on the BNSF Spur and 20 trains on the Reynolds Lead. Figure 4 illustrates the Reynolds Lead 

and BNSF Spur, and the study crossings along the Reynolds Lead and BNSF Spur. 

The vehicle transportation analysis does not include the improvements identified in the SR 432 

Highway Improvements and Rail Realignment Study completed in September 2014 (Cowlitz-

Wahkiakum Council of Governments 2014). This study identified various design concepts to address 

safety, traffic congestion, system mobility and freight capacity issues where the rail and roadway 

systems overlap along the SR 432 industrial corridor. Various design concepts were developed and 

evaluated for rail and highway improvements to improve safety, mobility, congestion, and freight 

capacity. The top concept that emerged from this study was a grade-separated intersection at 

SR 432/SR 433. This project, called the Industrial Way/Oregon Way Intersection Project and led by 

Cowlitz County Public Works, is currently in the preliminary design and National Environmental 

Policy Act (NEPA) and Washington State Environmental Policy Act (SEPA) environmental 

compliance phase to address traffic congestion, freight mobility and safety issues at this 

intersection. The 2015 transportation package passed by the Washington State Senate includes 

$85 million to construct the preferred alternative identified after the conclusion of the NEPA and 

SEPA processes. This project was not included in the vehicle transportation analysis because a 

preferred alternative for the intersection has not been identified. The other concepts identified in 

the Highway Improvements and Rail Realignment Study were not included in the vehicle 

transportation analysis because funding for implementation has not been secured.
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Figure 4a.  Reynolds Lead and BNSF Spur Study Crossings 
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Figure 4b.  Reynolds Lead and BNSF Spur Study Crossings 
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Figure 4c.  Reynolds Lead and BNSF Spur Study Crossings 
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2.1.2.4 Years and Scenarios 

The years selected for analysis are 2018 and 2028, which allows the identification of potential 

impacts at rail crossings associated with construction and operation of the proposed project, and 

helps determine if improvements would be necessary at study crossings. The following scenarios 

were analyzed.  

 2018 No-Action. Assumes that the export terminal would not be constructed and that activities 

currently ongoing and planned for the existing bulk materials terminal within the Applicant’s 

leased area would occur (summarized in Section 2.1.2.1, No-Action Alternative Analysis). It 

includes the motor vehicle and train volumes in Table 2. 

2018 Proposed Project (Construction). Represents conditions during the construction of the 

export terminal at either project area. It assumes the motor vehicle and train volumes from the 

2018 No-Action scenario, but with the added traffic and rail growth related to construction of 

the On-Site Alternative discussed in Section 2.1.2.2, Construction Impact Analysis. It also assumes 

the planned project area activities included in the 2018 No-Action scenario. As discussed in 

Section 2.1.2.2, Construction Impact Analysis, this analysis includes two scenarios: construction 

materials would be delivered by truck, and construction materials would be delivered by rail. It 

also assumes the planned project area activities included in the 2018 No-Action scenario. As 

discussed in Section 2.1.2.2, Construction Impact Analysis, this analysis includes two scenarios: 

construction materials would be delivered by truck, and construction materials would be 

delivered by rail. 

 2028 No-Action. Assumes that the export terminal would not be constructed, and includes the 

motor vehicle and train volumes from the 2018 No-Action scenario, but with 10 years of added 

vehicle traffic growth. It also assumes the planned bulk product terminal activities included in 

the 2018 No-Action scenario, and the potential future activities for the existing bulk product 

terminal discussed in Section 2.1.2.1, No-Action Alternative Analysis. 

 2028 Proposed Project. Represents conditions during full operation of the proposed project. It 

includes the motor vehicle and train volumes from the 2028 No-Action scenario, but with the 

added traffic and train growth related to full operation of the export terminal discussed in 

Section 2.1.2.3, Operations Impact Analysis. It also assumes the planned and potential bulk 

product terminal activities included in the 2028 No-Action scenario. This analysis includes two 

scenarios: 1) current track infrastructure improvements along the Reynolds Lead, and 2) 

planned track infrastructure improvements along the Reynolds Lead that would increase the 

average train speed from 8 miles per hour (mph) to 10 mph at the Weyerhaeuser access 

crossing—opposite Washington Way, from 10 mph to 15 mph at the Weyerhaeuser NORPAC 

access crossing, from 10 mph to 20 mph at the Industrial Way and Oregon Way crossings, and 

from 8 mph to 15 mph at the California Way and 3rd Avenue crossings. No changes in train 

speed would be expected at the existing site access—opposite 38th Avenue, and at the Dike 

Road crossings. 

2.1.2.5 Trip Distribution Analysis 

The construction- and employee-related traffic was distributed onto the transportation network 

based on current traffic patterns in the immediate project area.  
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For the construction workers and full operation employees (Section 2.1.2.2, Construction Impact 

Analysis, and 2.1.2.3, Operations Impact Analysis), it is assumed that 60% of the traffic would arrive 

from the north using Washington Way (35%) and Oregon Way (25%), 15% from the south along 

Oregon Way, 20% from the east along 3rd Avenue, and 5% from the west along Industrial Way. For 

the construction materials delivered to the project area by truck (Section 2.1.2.2, Construction 

Impact Analysis) it is assumed that 75% of the trucks would arrive from the east using 3rd Avenue, 

and 25% from the south along Oregon Way.  

2.1.2.6 Analysis of Baseline and Future Volumes at Railroad Crossings 

Motor Vehicles 

Table 2 includes the average daily traffic (ADT) and PM peak hour count data for all study crossings. 

Hourly traffic volumes over the course of 3 days were compared at select locations5 to identify a 

peak hour. The analysis identified a peak hour between 4:00 and 5:00 p.m., with evening peak 

period traffic volumes more than 25% higher than those in the morning and afternoon. The data 

also indicated that the PM peak hour represents approximately 10% of the daily traffic volumes at 

these locations. This factor was used to covert count data from peak hour to ADT or vice versa.  

For the at-grade crossing analysis, PM peak hour vehicle traffic count data was obtained from recent 

studies for seven of the eight study crossings (Cowlitz-Wahkiakum Council of Governments 2014; 

URS Corporation 2014; Washington State Department of Transportation 2014; DKS Associates 

2013). Because recent traffic count data were unavailable for the Dike Road crossing, ADT volumes 

were obtained from the FRA or WUTC databases (as a conservative approach, the database with the 

higher volume was used for each study crossing), and converted to PM peak hour with the 10% 

factor.  

Future traffic volumes for the analysis years included a combination of background traffic, as well as 

growth associated with the On-Site Alternative or Off-Site Alternative as discussed in Section 2.1.2.2, 

Construction Impact Analysis, and 2.1.2.3, Operations Impact Analysis. Background traffic was 

estimated by developing a linear growth rate between existing and forecast traffic volumes in the 

immediate area (Cowlitz-Wahkiakum Council of Governments 2014). These data suggest that traffic 

volumes are forecast to increase at a rate of 2% annually. For comparison purposes, a 2% annual 

growth rate was applied to expand older count data to reflect baseline traffic conditions in the SR 

432 Highway Improvements and Rail Realignment Study (Cowlitz-Wahkiakum Council of 

Governments 2014). Therefore, the 2% annual growth rate was applied to the collected count data 

to develop 2018 No-Action scenario traffic volumes, and to the 2018 No-Action scenario traffic 

volumes for 10 years to develop year 2028 No-Action scenario traffic volumes. 

                                                             
5 The hourly traffic volumes were based on volumes collected between March 5, 2013 and March 7, 2013, at the 
following locations: 1) Industrial Way, west of Oregon Way; 2) Industrial Way, between Oregon Way and California 
Way; 3) 3rd Avenue, north of Industrial Way; and 4) Oregon Way, north of Industrial Way. 
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Table 2.  Motor Vehicle and Train Volumes at Study Crossings 

Crossing Name  
(USDOT Crossing ID) 

Time 
Period 

2018 No-Action 
Scenario 

2018  
Proposed Action 
(Construction - 
Truck Delivery) 

Scenario 

2018  
Proposed Action 
(Construction - 
Rail Delivery) 

Scenario 
2028 No-Action 

Scenario 

2028  
Proposed Action 

(Operations) 
Scenario 

Vehicle Train Vehicle Train Vehicle Train Vehicle Train Vehicle Train 

Project area at 38th 
Avenue 

Per Day 200 2.3 2,850 2.3 2,000 3.6 250 4.0 1,340 20.0 

PM Peak 20 1 285 1 200 1 25 1 134 1 or 2 

Weyerhaeuser access at 
Washington Way 

Per Day 3,300 2.3 3,300 2.3 3,300 3.6 3,900 4.0 3,900 20.0 

PM Peak 330 1 330 1 330 1 390 1 390 1 or 2 

Weyerhaeuser NORPAC 
access 

Per Day 650 2.3 650 2.3 650 3.6 800 4.0 800 20.0 

PM Peak 65 1 65 1 65 1 80 1 80 1 or 2 

Industrial Way-SR 432 
(101806G) 

Per Day 10,100 2.3 12,000 2.3 11,200 3.6 11,450 4.0 12,100 20.0 

PM Peak 1,010 1 1,200 1 1,120 1 1,145 1 1,210 1 or 2 

Oregon Way-SR 433 
(101805A) 

Per Day 15,200 2.3 15,650 2.3 15,650 3.6 18,500 4.0 18,770 20.0 

PM Peak 1,520 1 1,565 1 1,565 1 1,850 1 1,877 1 or 2 

California Way (101821J) Per Day 4,050 2.3 4,050 2.3 4,050 3.6 4,800 4.0 4,800 20.0 

PM Peak 405 1 405 1 405 1 480 1 480 1 or 2 

3rd Avenue-SR 432 
(101826T) 

Per Day 16,850 2.3 17,850 2.3 17,200 3.6 20,500 4.0 20,720 20.0 

PM Peak 1,685 1 1,785 1 1,720 1 2,050 1 2,072 1 or 2 

Dike Road (101791U) Per Day 950 7.1 950 7.1 950 8.4 1,100 7.1 1,100 23.1 

PM Peak 95 1 95 1 95 1 110 1 110 1 or 2 
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Trains 

Estimated freight train volume and operational information for the No-Action Alternative along the 

Reynolds Lead and BNSF Spur was provided by LVSW (Wolter pers. comm.).  

An average of 2 non-project-related trains per day would be expected over study crossings on the 

Reynolds Lead and 7 trains at the Dike Road study crossing (along the BNSF Spur) under the 2018 

No-Action and 2018 Construction (truck delivery) scenarios. One non-project-related train could 

travel along the BNSF Spur and Reynolds Lead during the PM peak hour.  

The 2018 Construction (rail delivery) scenario would add an average of 1.3 train trips per day, as 

documented in Section 2.1.2.2, Construction Impact Analysis. It was assumed that this train could 

travel during the PM peak hour. 

The 2028 No-Action scenario would include approximately 2 additional non-project-related trains 

per day on the Reynolds Lead, as documented in Section 2.1.2.1, No-Action Alternative Analysis. 

Overall, 4 trains per day would be expected along the Reynolds Lead and 7 trains at the Dike Road 

study crossing (along the BNSF Spur) in the 2028 No-Action scenario. One non-project-related train 

could travel along the BNSF Spur and Reynolds Lead during the PM peak hour.  

The proposed project would add approximately 16 additional trains per day, as documented in 

Section 2.1.2.3, Operations Impact Analysis. Up to 2 project-related trains could travel along the 

Reynolds Lead and BNSF Spur during the PM peak hour. Table 2 includes the daily and PM peak 

train crossings for 2018 and 2028. 

2.1.2.7 Railroad Crossing Performance Measures 

The following performance measures were used to identify impacts at the railroad crossings.  

Level of Service 

A vehicle level of service (LOS) adverse impact was defined as a study crossing that operates below 

LOS D under the On-Site Alternative or Off-Site Alternative that would not otherwise operate below 

LOS D under the No-Action Alternative for the same year. LOS represents a “report card” rating 

based on the delay experienced by vehicles at an intersection, or in this case, a railroad crossing, as 

shown in Table 3. LOS A, B, and C indicate conditions where traffic moves without substantial delays. 

LOS D and E represent progressively worse operating conditions. LOS F represents conditions 

where average vehicle delay has become excessive and demand has exceeded capacity.  

Table 3. Grade Crossing Level of Service 

Level of Service (LOS) Average Total Delay (seconds/vehicle) 

A <= 10 

B > 10 and <= 20 

C > 20 and <= 35 

D > 35 and <= 55 

E > 55 and <= 80 

F > 80 

Source: Transportation Resource Board 2000 
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According to WSDOT LOS standards (2010), level of service D or better is acceptable for urban 

highways. The transportation element of the City of Longview Comprehensive Plan (December 2006) 

defines a capacity deficiency on arterial segments as a volume-to-capacity ratio of 0.85 or higher 

(representing a generalized LOS D or worse). As a conservative approach, the LOS D standard was 

applied to all of the at-grade railroad crossings, regardless of the street functional classification or 

jurisdiction.  

For the PM peak hour analysis, the traffic operating conditions at the study crossings were 

determined based on the 2000 Highway Capacity Manual (Transportation Research Board 2000) 

method for signalized intersections (the railroad crossings were assumed to be pretimed traffic 

signals). The conditions reported include the estimated average vehicle delay and LOS of the study 

crossings. Available signal timing information for the intersections adjacent to the rail crossings 

were incorporated into this analysis. For the 24-hour analysis, similar delay thresholds, based on the 

LOS definitions found in the 2000 Highway Capacity Manual methodology for signalized 

intersections, were used to assess the average delay experienced per vehicle at each rail crossing. 

The average delay per vehicle in a 24-hour period (in seconds) for a rail crossing was determined 

based on the average number of daily trains, average train length, train speed, and average daily 

traffic volumes in both directions. 

Queue 

An adverse vehicle queuing impact was defined as a queue extending from a study crossing that 

exceeds available storage length (to an adjacent intersection) under the proposed project that would 

not otherwise exceed the available storage under the No-Action alternative from the same year. The 

available storage along the roadways approaching the study crossings and at nearby intersections is 

shown in Table 4.  

Queuing analysis was conducted using SimTraffic 8, which estimates the 95th percentile vehicle 

queue lengths, or the queue length that would not be exceeded in 95% of the queues formed during 

the PM peak hour. Note that SimTraffic 8 was unable to be fully calibrated and verified based on 

field conditions because no trains were observed crossing during the PM peak hour. However, 

estimated queues were verified based on the relationship between observed queues during nonpeak 

conditions, and traffic volumes at that time. This relationship was compared to PM peak hour traffic 

volumes to help verify the estimated baseline queue lengths.  

Accident Probability 

The accident prediction analysis was conducted using the FRA GradeDec.Net web-based software, 

which estimates the predicted annual accident probability at a crossing in a year. The software uses 

the USDOT’s Accident Prediction and Severity model. This module estimates accident probability-

based grade-crossing features available in FRA’s nationwide inventory of at-grade crossings, 

including the type of crossing protection in place, historical accident data at the crossing, vehicle 

traffic volumes, the number of roadway lanes and train tracks, the number of trains per day, and 

train speed.  
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Table 4.  Estimated Vehicle Storage Lengths  

Crossing Name  
(USDOT Crossing ID) 

Roadway 
Movement 

Available Storage before 
Impacting nearby 
Intersection (feet) 

Intersection Affected by 
Queue from Crossing 

Intersection 
Movement 

Available 
Storage (feet) 

Project area access at 38th Avenue NB >1,000 (private driveway) Industrial Way/  
38th Avenue 

WBL 180 

SB <20 EBR 180 

Weyerhaeuser access at Washington 
Way 

NB >1,000 (private driveway) Industrial Way/ 
Washington Way 

WBL 180 

EBR 20 

SB <20 SBT 150 

Weyerhaeuser NORPAC access NB >1,000 (private driveway) Industrial Way/  
NORPAC access 

WBL 80 

SB <20 EBR 200 

Industrial Way-SR 432 (101806G) NB 120 Industrial Way/ 
Weyerhaeuser  

EBL >1,000 (private 
driveway) 

SB >1,000 NBT 730 

Oregon Way-SR 433 (101805A) NB 220 Industrial Way/  

Oregon Way 

NBT >1,000 

EBL 85 

WBR 0 

SB 700 Oregon Way/  

Alabama Street 

EBR N/A 

WBL 

SBT 

California Way (101821J) NB 400 Industrial Way/  
California Way 

N/A N/A 

SB >1,000 

3rd Avenue-SR 432 (101826T) NB 400 3rd Avenue/  

Industrial Way 

WBR 170 

NBT 240 

Industrial Way/  
California Way 

SBL 130 

SB >1,000 NBR 100 

EBT >1,000 

Dike Road (101791U) NB >1,000 None N/A N/A 
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Other physical factors that affect the frequency of collisions at a crossing, such as available sight 

distance, or vehicle storage between adjacent intersections, are not direct inputs in this module. 

However, the accident history at these crossings would likely reflect these characteristics. Such 

characteristics would not be affected by proposed project, which would only alter the number of 

trains per day and vehicle traffic volumes (at some grade crossings). This analysis provides a frame 

of reference for crossings by estimating accident probability, but does not identify these crossings as 

unsafe. An adverse vehicle safety impact was defined as a study crossing that would have a 

predicted accident probability above 0.04 accident per year under the On-Site Alternative or Off-Site 

Alternative that would be at or below 0.04 accident per year under the No-Action scenario. 

2.2 Affected Environment 
The affected environment related to vehicle transportation in the study area is described below. 

2.2.1 On-Site Alternative 

Table 5 provides vehicle and train traffic information at the five public at-grade crossings on the 

Reynolds Lead and BNSF Spur and three private crossings on the Reynolds Lead, including the 

entrance to the project area and the traffic associated with these crossings. Relevant roadway 

characteristics also are listed, including roadway functional classifications and number of lanes at 

the crossing. Information on at-grade crossing and roadway performance is presented in Chapter 3, 

Impacts. 

Ten years of collision records (2003 to 2013) for the at-grade railroad crossings along the Reynolds 

Lead and BNSF Spur were obtained from FRA and WSDOT databases. The data identified one 

collision involving a train near the project area, at the Washington Way crossing, just south of the 

Industrial Way intersection. The crossing is ungated, and located less than 50 feet from Industrial 

Way. The collision involved a vehicle stopped at the traffic signal, beyond the stop bar and on the 

track, getting struck by a train. The collision resulted in property damage only.  

2.2.1.1 Emergency Services 

The Cowlitz 2 Fire & Rescue District, the Longview Fire Department, and American Medical 

Response (AMR) provide emergency medical services (EMS) and fire protection for the project area. 

Figure 5 illustrates the location of fire stations near the project area. 

The Cowlitz 2 Fire & Rescue District, Longview Fire Department, and American Medical Response 

(AMR) provide emergency medical services and fire protection for the project areas. A brief 

description of each service provider is below; additional information on the stations, facilities, and 

apparatus of each is provided in the NEPA Social and Community Resources Technical Report (ICF 

International 2016).  

Cowlitz 2 Fire & Rescue provides fire protection services, and serves approximately 34,000 citizens 

in the City of Kelso and unincorporated Cowlitz County, responding to approximately 4,100 calls per 

year (Cowlitz 2 Fire & Rescue 2015). The district is staffed by approximately 120 full-time and 

volunteer members in five active fire stations, two of which are staffed with full-time EMT and 

paramedic firefighters. Volunteer firefighter EMTs also respond on an on-call basis. Figure 5 

illustrates the fire stations in the Longview-Kelso area. 
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Table 5.  At-Grade Crossing and Roadway Characteristics  

Crossing Name  
(USDOT Crossing ID) 

Roadway Railroad (Trains) 

2018 ADT 
Functional 
Classificationa Lanes Protectionb 

2018 Crossings 
per day 

Average 
Speed (mph)c 

Project area access at 38th Avenue 200 Private 2 None 2.3 5 (freight) 

Weyerhaeuser access at Washington 
Way 

3,300 Private 4 None 2.3 8 (freight) 

Weyerhaeuser NORPAC access 650 Private 2 None 2.3 10 (freight) 

Industrial Way- SR 432 (101806G)  10,100 Principal 
Arterial 

2 Overhead Lights 2.3 10 (freight) 

Oregon Way- SR 433 (101805A) 15,200 Principal 
Arterial 

4 Gates/ Overhead 
Lights 

2.3 10 (freight) 

California Way (101821J) 4,050 Minor Arterial 2 Overhead Lights 2.3 8 (freight) 

3rd Avenue- SR 432 (101826T) 16,850 Principal 
Arterial 

4 Gates/ Overhead 
Lights 

2.3 8 (freight) 

Dike Road (101791U) 950 Local 2 Overhead Lights 7.1 10 (freight) 

Notes: 
a Source: City of Longview 2015 
b Source: Field observations 
c Source: Washington Utilities and Transportation Commission 2015. 
ADT = average daily traffic; mph = miles per hour 
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Figure 5.  Fire Stations in the Kelso-Longview Area  
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The Longview Fire Department serves approximately 36,000 citizens spread over 14.7 square miles 

of urban and suburban development. The department is staffed with 39 full-time EMT/firefighters, 

and 4 paramedic/firefighters. Paramedic transport service is provided within the city by AMR, a 

private provider. The Longview Fire Department responds to approximately 4,500 calls per year 

from two fire stations (City of Longview 2015). 

AMR is a private ambulance company providing emergency and nonemergency medical transport 

service. AMR includes approximately 35 paramedics and EMTs and handles an average of 7,500 calls 

annually (American Medical Response 2015). The medical transport vehicles are based out of the 

facility near the Cowlitz Way intersection with Long Avenue. 

2.2.2 Off-Site Alternative 

The existing road and rail characteristics and emergency service providers for the Off-Site 

Alternative are the same as those discussed for the On-Site Alternative. 
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Chapter 3 
Impacts 

This chapter describes the impacts on vehicle transportation that would result from construction 

and operation of the On-Site Alternative, Off-Site Alternative, and No-Action Alternative.  

3.1 On-Site Alternative 
Potential impacts on vehicle transportation from the On-Site Alternative are described below. 

3.1.1 Construction: Direct and Indirect Impacts 

An estimated 1,800 daily and 180 PM peak hour motor vehicle trips per day are estimated as a 

result of peak construction activities with the rail construction scenario, or an estimated 2,650 daily 

and 260 PM peak hour motor vehicle trips per day with the truck or barge construction scenario. 

These vehicles would access the project area via the private driveway opposite 38th Avenue or a 

new driveway on Industrial Way. Parking would be provided for construction workers in the 

Applicant’s leased area. All vehicle transportation impacts during construction would occur outside 

the project area and, therefore, are considered indirect impacts. Construction of the On-Site 

Alternative would result in the following indirect impacts. 

Cause Vehicle Delays from Rail Construction Traffic 

An average of 2 non-project-related trains per day would be expected over study crossings on 

the Reynolds Lead, and 7 at the Dike Road study crossing (along the BNSF Spur) in the 2018 No-

Action and 2018 Construction (truck delivery) scenarios. One non-project-related train could 

pass during the PM peak hour. The weighted average length of these trains would be 

approximately 2,000 feet along the Reynolds Lead, and 5,000 feet along the BNSF Spur. Table 6 

shows the anticipated weighted average train lengths and total gate downtime at the study 

crossings for 2018. 
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Table 6.  Study Crossing Characteristics—2018 Construction Scenario 

Crossing Name  

(USDOT Crossing ID) Time Period 

2018 No-Action 

2018 Proposed Action (Truck 

Delivery) 

2018 Proposed Action (Rail 

Delivery) 

Weighted 
Average Train 
Length (feet) 

Total Gate 
Downtime 
(minutes) 

Weighted 
Average Train 
Length (feet) 

Total Gate 
Downtime 
(minutes) 

Weighted 
Average Train 
Length (feet) 

Total Gate 
Downtime 
(minutes) 

Project area access at 38th 
Avenue 

Per Day 2,024 11.6 2,024 11.6 3,530 30.3 

PM Peak 5.10 5.1 6,219 14.6 

Weyerhaeuser access at 
Washington Way 

Per Day 2,024 7.7 2,024 7.7 3,530 19.6 

PM Peak 3.4 3.4 6,219 9.3 

Weyerhaeuser NORPAC access Per Day 2,024 6.4 2,024 6.4 3,530 16.0 

PM Peak 2.8 2.8 6,219 7.6 

Industrial Way-SR 432 
(101806G) 

Per Day 2,024 6.4 2,024 6.4 3,530 16.0 

PM Peak 2.8 2.8 6,219 7.6 

Oregon Way-SR 433 
(101805A) 

Per Day 2,024 6.4 2,024 6.4 3,530 16.0 

PM Peak 2.8 2.8 6,219 7.6 

California Way (101821J) Per Day 2,041 7.8 2,041 7.8 3,541 19.7 

PM Peak 3.4 3.4 6,219 9.3 

3rd Avenue-SR 432 (101826T) Per Day 2,041 7.8 2,041 7.8 3,541 19.7 

PM Peak 3.4 3.4 6,219 9.3 

Dike Road (101791U) Per Day 4,919 43.4 4,919 43.4 5,116 53.0 

PM Peak 6.1 6.1 6,219 7.6 
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Total gate downtime would be up to 8 minutes per day (3 minutes during the PM peak hour) at 

public crossings along the Reynolds Lead, 12 minutes per day (5 minutes during the PM peak 

hour) at private crossings along the Reynolds Lead, 43 minutes per day (6 minutes during the 

PM peak hour) at the Dike Road crossing along the BNSF Spur in the 2018 No-Action and 2018 

Construction (truck delivery) scenarios.  

The 2018 Construction (rail delivery) scenario would add approximately 1 additional train per 

day, as documented in Section 2.1.2.2, Construction Impact Analysis. This train could pass during 

the PM peak hour. The additional train would take between 8 and 9 minutes to pass through the 

public street study crossings along the Reynolds Lead and BNSF Spur. This would increase the 

total gate downtime up to 12 minutes during an average day for the public study crossings along 

the Reynolds Lead and up to 19 minutes during an average day for the private study crossings 

along the Reynolds Lead.  

Table 7 shows the estimated average delay per vehicle and LOS that would be experienced 

during the PM peak hour at each of the study crossings for the 2018 Construction scenario for 

preload material delivery by truck or by rail, with the estimated 2018 No-Action scenario 

conditions provided for reference. 

As shown, construction activities would not result in any material change in vehicle delay at at-

grade crossings on the Reynolds Lead and BNSF Spur if preload material is delivered by truck. 

Should delivery of preload material by rail occur during the PM peak hour, the average delay per 

vehicle would increase, with forecast LOS dropping below LOS D at three of the study crossings 

on the Reynolds Lead. The length of the construction preload material train, estimated at 6,419 

feet, and the slow track speeds at the California Way, 3rd Avenue (SR 432) and project area 

access (opposite 38th Avenue) study crossings (between 5 and 8 mph), would contribute to the 

vehicle LOS impacts.  

Table 8 shows the estimated average delay per vehicle and LOS that would be experienced 

during a 24-hour period at each of the study crossings in 2018. As shown, the average delay per 

vehicle expected over a 24-hour period is very low under each of the 2018 scenarios, illustrating 

that most drivers over the course of a day would not be delayed by a train at the study crossings. 

However, if a train crosses during the PM peak hour, it could cause substantial delay to drivers, 

as indicated in Table 7.  
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Table 7.  Estimated Vehicle Delay and LOS—2018 Construction Scenario (PM Peak Hour) 

USDOT 

Crossing ID Crossing Name 

2018 No-Action 

2018 Proposed Action 

(Truck Delivery) 

2018 Proposed Action 

(Rail Delivery) 

Delay (seconds) LOS Delay (seconds) LOS Delay (seconds) LOSa 

Private Project area access at 38th Avenue 14.9 B 15.7 B 126.6 F 

Private Weyerhaeuser access at Washington Way 6.9 A 6.9 A 51.9 D 

Private Weyerhaeuser NORPAC access 4.8 A 4.8 A 33.7 C 

101806G Industrial Way (SR 432) 7.6 A 8.3 A 52.8 D 

101805A Oregon Way (SR 433) 6.3 A 6.5 A 45.2 D 

101821J California Way 7.6 A 7.6 A 56.4 E 

101826T 3rd Avenue (SR 432) 10.6 B 11.2 B 79.7 E 

101791U Dike Road 22.3 C 22.3 C 33.6 C 

Notes: 
a Bolded, shaded gray values indicate a vehicle LOS impact (a study crossing that operates below LOS D under the On-Site and Off-Site alternative that would not 

otherwise operate below LOS D under the No-Action Alternative from the same year). 
Delay = average delay per vehicle at worst roadway approach to the crossing; LOS = level of service of worst roadway approach to the crossing 

Table 8. Estimated Vehicle Delay and LOS—2018 Construction Scenario (24-Hour Average) 

USDOT 
Crossing ID Crossing Name 

2018 No-Action 
2018 Proposed Action 

(Truck Delivery) 
2018 Proposed Action 

(Rail Delivery) 

Delay (seconds) LOS Delay (seconds) LOS Delay (seconds) LOS 

Private Project area access at 38th Avenue 1.2 A 1.3 A 5.7 A 

Private Weyerhaeuser access at Washington Way 0.6 A 0.6 A 2.4 A 

Private Weyerhaeuser NORPAC access 0.4 A 0.4 A 1.5 A 

101806G Industrial Way (SR 432) 0.4 A 0.5 A 1.8 A 

101805A Oregon Way (SR 433) 0.4 A 0.4 A 1.7 A 

101821J California Way 0.6 A 0.6 A 2.5 A 

101826T 3rd Avenue (SR 432) 0.6 A 0.6 A 2.6 A 

101791U Dike Road 5.7 A 5.7 A 7.2 A 

Notes: 
Delay = average delay per vehicle over 24-hour period, in seconds; LOS = level of service of railroad crossing 
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Table 9 shows the estimated vehicle queue lengths that would be experienced during the PM 

peak hour at each of the study crossings during construction in 2018 for preload material 

delivery by truck or by rail, with the estimated 2018 No-Action scenario conditions provided for 

reference. 

As shown, vehicle queues extending from six study crossings (all along the Reynolds Lead) could 

affect seven nearby intersections with 2018 No-Action scenario trains during the PM peak hour. 

The affected intersections include Industrial Way/38th Avenue, Industrial Way/Washington 

Way, Industrial Way/NORPAC access, Industrial Way/Weyerhaeuser Access, Industrial 

Way/Oregon Way, 3rd Avenue/Industrial Way, and Industrial Way/California Way. Vehicle 

queues at these intersections could exceed available storage at four approaches, including the 

eastbound right turn from Industrial Way to the Weyerhaeuser Access (opposite Washington 

Way), the eastbound left turn and westbound right turn from Industrial Way to Oregon Way, 

and the northbound through movement at the 3rd Avenue/Industrial Way intersection. These 

queues could potentially block other movements at these intersections that would otherwise not 

be affected by train crossing events. 

Construction activities would not result in any material change in vehicle queue lengths if 

preload material is delivered by truck. Should delivery of preload material by rail occur during 

the PM peak hour, the estimated vehicle queue lengths would increase at rail crossings along 

high volume roadways, with queues extending nearly 1,000 feet beyond those expected with 

2018 No-Action and 2018 Construction (via truck) scenario trains at the Industrial Way (SR 

432), Oregon Way (SR 433), and 3rd Avenue (SR 432) study crossings. The length of the 

construction preload material train, estimated at 6,419 feet, and the slow track speeds at the 

Industrial Way (SR 432), Oregon Way (SR 433), 3rd Avenue (SR 432) study crossings (between 

8 and 10 mph), would contribute to the increased vehicle queue lengths.  

Two additional intersections would be affected by vehicle queues extending from rail crossings 

with 2018 Construction (via rail) scenario trains during the PM peak hour (beyond those 

affected by 2018 No-Action scenario trains), including Oregon Way/Alabama Street, and Pacific 

Avenue/S River Road. However, vehicle queues at the nine affected upstream intersections 

would exceed available storage at only one additional approach beyond those affected by 2018 

No-Action scenario trains, the southbound through movement at Industrial Way/Washington 

Way. This queue could block the southbound left turn from Washington Way to Industrial Way, 

a movement that would otherwise not be affected by train-crossing events. 
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Table 9. Estimated Vehicle Queue Lengths—2018 Construction Scenario (PM Peak Hour)a 

Crossing Name  
(USDOT Crossing ID) 

Road 
MVMTb 

2018  
No-Action 

2018 
Truck 

2018 
Rail 

Intersection 
Affected by 
Queue from 
Crossing 

Intersection 
MVMTc 

2018  
No-Action 

2018 
Truck 

2018 
Rail 

Estimated Crossing  
Queue Length (feet) 

Estimated Intersection  
Queue Length (feet) 

Project area access- opposite 
38th Avenue 

NB 40 1,960 2,480 Industrial Way/ 
38th Avenue 

WBL 20 20 20 

SB 20 20 20 EBR 20 20 20 

Weyerhaeuser access- 
opposite Washington Way 

NB 140 160 460 Industrial Way/ 
Washington Way 

WBL 120 120 140 

EBR 40 40 40 

SB 120 120 160 SBT 60 60 160 

Weyerhaeuser NORPAC 
access 

NB 60 60 140 Industrial Way/ 
NORPAC access 

WBL 20 20 20 

SB 20 20 20 EBR 20 20 20 

Industrial Way- SR 432 
(101806G) 

NB 360 360 420 Industrial Way/ 
Weyerhaeuser  

EBL 140 140 240 

SB 280 360 1,220 NBT 240 240 300 

Oregon Way- SR 433 
(101805A) 

NB 660 640 2,460 Industrial Way/ 
Oregon Way 

NBT 440 420 2,240 

EBL 180 240 240 

WBR 100 100 100 

SB 200 220 960 Oregon Way/ 
Alabama Street 

EBR N/A N/A 120 

WBL 100 

SBT 260 

California Way (101821J) NB 100 100 260 Industrial Way/ 
California Way 

N/A N/A N/A N/A 

SB 120 140 600 

3rd Avenue- SR 432 
(101826T) 

NB 1,040 1,060 1,640 3rd Avenue/ 
Industrial Way 

WBR 60 60 80 

NBT 640 660 1,240 

Industrial Way/ 
California Way 

SBL 120 120 140 

SB 240 280 1,240 NBR 60 60 60 

EBT 400 420 1,000 
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Crossing Name  
(USDOT Crossing ID) 

Road 
MVMTb 

2018  
No-Action 

2018 
Truck 

2018 
Rail 

Intersection 
Affected by 
Queue from 
Crossing 

Intersection 
MVMTc 

2018  
No-Action 

2018 
Truck 

2018 
Rail 

Estimated Crossing  
Queue Length (feet) 

Estimated Intersection  
Queue Length (feet) 

Dike Road (101791U) NB 60 60 100 None N/A N/A N/A N/A 

SB 100 100 120 

WB 60 60 60 

Notes: 
a Shaded gray values indicate a study crossing or intersection queue that exceeds available storage. Shaded black values indicate an adverse queue impact. 
b MVMT = roadway movement approaching the rail crossing; NB = northbound; SB = southbound; EB = eastbound; WB = westbound 
c MVMT = movement at nearby intersection affected by queue from rail crossing; NBL = northbound left; NBR = northbound right; NBT = northbound through;  

SBL = southbound left; SBR = southbound right; SBT = southbound through; EBL= eastbound left; EBR= eastbound right; EBT= eastbound through;  
WBL= westbound left; WBR= westbound right; WBT= westbound through 
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3.1.2 Operations: Direct Impacts 

Approximately 109 PM peak hour motor vehicle trips are estimated as a result of operation of the 

On-Site Alternative. These vehicles would access the project area via the private driveway opposite 

38th Avenue or at the existing driveway on Industrial Way approximately 0.5 mile west of the 38th 

Avenue driveway. Access roads in the project area would be designed to allow two-way traffic for 

standard vehicles. All roadways and parking areas would be designed and constructed to the 

standards appropriate for loading and capacity requirements. All regularly used roads accessing the 

buildings and facilities in the project area would be sealed with asphalt pavement. Paving would be 

designed to accommodate mobile equipment loadings. Surfacing of unpaved areas would control 

soil erosion by wind and water. 

3.1.3 Operations: Indirect Impacts 

All vehicle transportation impacts during operations would occur outside the project area and, 

therefore, are considered indirect impacts for this analysis. Full operation of the On-Site Alternative 

would result in the following indirect impacts. 

Cause Vehicle Delays from Rail Traffic 

The proposed project would add approximately 16 additional trains per day (up to 2 during the 

PM peak hour) in 2028, as documented in Section 2.1.2.3, Operations Impact Analysis. Analysis of 

the study crossing in 2028 was estimated both with and without planned track infrastructure 

along the Reynolds Lead. Planned track improvements would increase the average train speed 

from 8 mph to 10 mph at the Weyerhaeuser access crossing opposite Washington Way, from 10 

mph to 15 mph at the Weyerhaeuser NORPAC access crossing, from 10 mph to 20 mph at the 

Industrial Way and Oregon Way crossings, and from 8 mph to 15 mph at the California Way and 

3rd Avenue crossings. No changes in train speed would occur at the existing site access opposite 

38th Avenue and Dike Road crossings. Table 10 shows study crossing characteristics in 2028.
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Table 10.  Study Crossing Characteristics—2028 Operations 

Crossing Name  
(USDOT Crossing ID) 

Time 
Period 

2028 No-Action 

2028 Operations (with 
Current Track 

Infrastructure) 

2028 Operations (with 
Planned Track 
Infrastructure) 

Weighted 
Average 

Train Length 
(feet) 

Total Gate 
Downtime 
(minutes) 

Weighted 
Average 

Train Length 
(feet) 

Total Gate 
Downtime 
(minutes) 

Weighted 
Average 

Train Length 
(feet) 

Total Gate 
Downtime 
(minutes) 

Project area access at 38th Avenue Per Day 
2,043 

20.5 5,886 277.4 5,886 277.4 

PM Peak 5.1 6,844 16.0 6,844 16.0 

Weyerhaeuser access at Washington Way Per Day 
2,043 

13.6 5,886 177.1 5,886 143.7 

PM Peak 3.4 6,844 10.2 6,844 8.3 

Weyerhaeuser NORPAC access Per Day 
2,043 

11.2 5,886 143.7 5,886 99.1 

PM Peak 2.8 6,844 8.3 6,844 5.7 

Industrial Way- SR 432 (101806G) Per Day 
2,043 

11.2 5,886 143.7 5,886 76.8 

PM Peak 2.8 6,844 8.3 6,844 4.4 

Oregon Way- SR 433 (101805A) Per Day 
2,043 

11.2 5,886 143.7 5,886 76.8 

PM Peak 2.8 6,844 8.3 6,844 4.4 

California Way (101821J) Per Day 
2,053 

13.6 5,888 177.2 5,888 99.2 

PM Peak 3.4 6,844 10.2 6,844 5.7 

3rd Avenue- SR 432 (101826T) Per Day 
2,053 

13.6 5,888 177.2 5,888 99.2 

PM Peak 3.4 6,844 10.22 6,844 5.7 

Dike Road (101791U) Per Day 
4,919 

43.4 6,251 175.8 6,251 175.8 

PM Peak 6.1 6,844 8.3 6,844 8.3 
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A project-related train would take between 8 and 10 minutes to pass through the public study 

crossings along the Reynolds Lead with current track infrastructure, and between 4 and 6 

minutes with planned track infrastructure. Trains under full operation of the On-Site Alternative 

would take about 8 minutes to cross Dike Road along the BNSF Spur. Overall, the 16 additional 

project-related trains would increase the total gate downtime more than 130 minutes during an 

average day for the public study crossings along the Reynolds Lead and BNSF Spur and up to 

250 minutes during an average day for the private study crossings along the Reynolds Lead. The 

planned track infrastructure along the Reynolds Lead would reduce the total gate downtime at 

the Weyerhaeuser NORPAC access, Industrial Way-SR 432 (101806G), Oregon Way- SR 433 

(101805A), California Way (101821J), and 3rd Avenue-SR 432 (101826T) study crossings.  

Table 11 shows the estimated average delay per vehicle and LOS that would be experienced 

during the PM peak hour at each of the study crossings in 2028 with the On-Site Alternative, 

with the estimated 2028 No-Action scenario conditions provided for reference. 

As shown, the increased rail activity associated with the proposed project would increase 

average delay per vehicle during the PM peak hour, with forecasted LOS dropping below D at six 

of the study crossings on the Reynolds Lead with existing track infrastructure. The length of the 

project-related trains, estimated at 6,844 feet, and the slow track speeds (between 5 and 10 

mph), would contribute to the vehicle LOS impacts.  

The planned track infrastructure along the Reynolds Lead would address all of the vehicle LOS 

impacts at the public study crossings, assuming 1 project-related train on the Reynolds Lead 

during the PM peak hour. Only the project area access (opposite 38th Avenue) study crossing 

would operate below LOS D. Vehicle LOS impacts are still forecasted at this study crossing since 

track speeds would not increase with the planned track infrastructure along the Reynolds Lead.  

However, four of the study crossings would have vehicle LOS impacts with 2 project-related 

trains on the Reynolds Lead during the PM peak hour, with planned track infrastructure. It 

should be noted that track speeds at two of these study crossings (project area access- opposite 

38th Avenue, and Dike Road) would not be increased with the planned track infrastructure 

along the Reynolds Lead. 

Table 12 shows the estimated average delay per vehicle and LOS that would be experienced 

during a 24-hour period at each of the study crossings in 2028. As shown, the average delay per 

vehicle expected over a 24-hour period is very low under the 2028 No-Action scenario and 2028 

Proposed Project (with planned track infrastructure) scenario. However, the average delay per 

vehicle expected over a 24-hour period is higher under the 2028 Proposed Project (with existing 

track infrastructure) scenario, corresponding with the PM peak hour results. 



U.S. Army Corps of Engineers 

 

Impacts 
 

Millennium Bulk Terminals—Longview 
NEPA Vehicle Transportation Technical Report 

3-11 
September 2016 

 

 

Table 11.  Estimated Vehicle Delay and LO—2028 Operations (PM Peak Hour)a 

Crossing Name  
(USDOT Crossing ID) 

2028 No-Action 

2028 Operations 
(Current Track 

Infrastructure and 1 
Peak Hour Proposed 

Action-Related Train) 

2028 Operations 
(Planned Track 

Infrastructureb and 1 
Peak Hour Proposed 

Action-Related Train) 

2028 Operations 
(Planned Track 

Infrastructureb and 2 
Peak Hour Proposed 

Action-Related Trains) 

Delay LOS 
Delay 

(seconds) LOS 
Delay 

(seconds) LOS 
Delay 

(seconds) LOS 

Project area access at 38th Ave 14.9 B 149.2 F 149.2 F 265.3 F 

Weyerhaeuser access at Washington Way 6.9 A 62.7 E 41.3 D 73.4 E 

Weyerhaeuser NORPAC access 4.9 A 40.7 D 19.3 B 34.2 C 

Industrial Way- SR 432 (101806G)  8.3 A 67.8 E 19.7 B 34.6 C 

Oregon Way- SR 433 (101805A) 6.9 A 58.0 E 16.6 B 29.3 C 

California Way (101821J) 7.8 A 69.4 E 21.7 C 38.5 D 

3rd Avenue- SR 432 (101826T) 12.2 B 107.8 F 33.9 C 59.9 E 

Dike Road (101791U) 22.4 C 40.5 D 40.5 D 72.0 E 

Notes: 
a Bolded, shaded gray values indicate an adverse vehicle LOS impact (a study crossing that operates below LOS D under the Proposed Action that would not 

otherwise operate below LOS D under the No-Action Alternative from the same year). 
b Planned track infrastructure along the Reynolds Lead would increase the average train speed from 8 mph to 10 mph at the Weyerhaeuser access crossing—

opposite Washington Way, from 10 mph to 15 mph at the Weyerhaeuser NORPAC access crossing, from 10 mph to 20 mph at the Industrial Way and Oregon Way 
crossings, and from 8 mph to 15 mph at the California Way and 3rd Avenue crossings. No changes in train speed would occur at the existing site access—opposite 
38th Avenue and Dike Road crossings. 

Delay = average delay per vehicle at worst approach; LOS = level of service of worst approach 
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Table 12.  Estimated Vehicle Delay and LOS—2028 Operations (24-Hour Average)a 

USDOT 
Crossing ID Crossing Name 

2028 No-Action 

2028 Operations (with 
Current Track 

Infrastructure) 

2028 Operations (with 
Planned Track 

Infrastructureb) 

Delay LOS 
Delay 

(seconds) LOS 
Delay 

(seconds) LOS 

Private Project area access at 38th Ave 2.2 A 83.5 F 83.5 F 

Private Weyerhaeuser access at Washington Way 1.0 A 34.7 C 22.8 C 

Private Weyerhaeuser NORPAC access 0.7 A 22.0 C 10.5 B 

101806G Industrial Way (SR 432) 0.8 A 26.2 C 7.5 A 

101805A Oregon Way (SR 433) 0.8 A 25.0 C 7.2 A 

101821J California Way 1.1 A 36.8 D 11.5 B 

101826T 3rd Avenue (SR 432) 1.1 A 38.7 D 12.1 B 

101791U Dike Road 5.7 A 28.8 C 28.8 C 

Notes: 
a  Bolded, shaded gray values indicate an adverse vehicle LOS impact (a study crossing that operates below LOS D under the Proposed Action that would not 

otherwise operate below LOS D under the No-Action Alternative from the same year). 
b Planned track infrastructure along the Reynolds Lead would increase the average train speed from 8 mph to 10 mph at the Weyerhaeuser access crossing—

opposite Washington Way, from 10 mph to 15 mph at the Weyerhaeuser NORPAC access crossing, from 10 mph to 20 mph at the Industrial Way and Oregon Way 
crossings, and from 8 mph to 15 mph at the California Way and 3rd Avenue crossings. No changes in train speed would occur at the existing site access—opposite 
38th Avenue and Dike Road crossings. 

Delay = Average delay per vehicle over 24-hour period, in seconds; LOS = level of service of railroad crossing 
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Table 13 shows the estimated vehicle queue lengths that would be experienced during the PM 

peak hour at each of the study crossings in 2028. The increased rail activity associated with the 

proposed project (existing track infrastructure) would increase vehicle queues at rail crossings 

along high volume roadways, with queues similar to those estimated with 2018 Construction 

(via rail) scenario trains, extending nearly 1,000 feet beyond those expected with 2028 No-

Action scenario trains at the Industrial Way (SR 432), Oregon Way (SR 433), and 3rd Avenue (SR 

432) study crossings. The length of the project-related trains, estimated at 6,844 feet, and the 

slow track speeds (between 8 and 10 mph), would contribute to the increased vehicle queue 

lengths.  

One additional intersection would be affected by vehicle queues extending from rail crossings 

with project-related trains (existing track infrastructure) during the PM peak hour (beyond 

those affected by 2028 No-Action scenario trains), Oregon Way/Alabama Street. Vehicle queues 

at the nine affected upstream intersections (all previously identified as being affected with 2018 

trains) would exceed available storage at one additional approach beyond those affected by 

2028 No-Action scenario trains, the southbound through movement at Industrial 

Way/Washington Way. This queue could potentially block the southbound left turn from 

Washington Way to Industrial Way, a movement that would otherwise not be affected by train 

crossing events.  

The planned track infrastructure along the Reynolds Lead would reduce vehicle queues at the 

study crossings between the Weyerhaeuser access (opposite Washington Way) and 3rd Avenue 

(SR 432), assuming 1 project-related train on the Reynolds Lead during the PM peak hour. 

Vehicle queues would be between 700 and 1,000 feet shorter than those estimated with the 

existing track infrastructure along the Reynolds Lead. However, vehicle queues would still 

exceed available storage at the four of the five approaches identified with the existing track 

infrastructure. Note that Table 13 shows estimated vehicle queue lengths with the planned track 

infrastructure and 1 project-related train on the Reynolds Lead during the PM peak hour. With 2 

project-related trains on the Reynolds Lead during the PM peak hour, vehicle queues extending 

from study crossings would be similar to those estimated with the existing track infrastructure, 

despite the track improvements.  

Cause Delay to Emergency Vehicle Response from Rail Traffic 

EMS and fire protection response times would be affected by increased delay at at-grade 

crossings as a result of the On-Site Alternative.  

2018 Construction Scenario 

During construction, should delivery of preload material by rail occur during the PM peak hour, the 

average delay per stopped vehicle would be estimated at less than 80 seconds at public at-grade 

crossings along the Reynolds Lead, and generally less than 20 seconds at public at-grade crossings 

along the BNSF Spur. This corresponds to an increase by approximately 60 seconds or less at public 

at-grade crossings along the Reynolds Lead and less than 30 seconds along the BNSF Spur compared 

to the 2018 No-Action scenario. Construction activities would not result in any material change in 

vehicle delay at at-grade crossings on the Reynolds Lead and BNSF Spur if preload material is 

delivered by truck.  
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Table 13.  Estimated Vehicle Queue Lengths—2028 Operations (PM Peak Hour)a 

Crossing Name  
(USDOT Crossing ID) 

Road 
MVMTb 

2028 No-
Action 

2028 
Exist. 

Infras. 

2028 
Plan. 

Infras. Intersection 
Affected by Queue 
from Crossing 

Interse-
ction 

MVMTc 

2028 No-
Action 

2028 
Exist. 

Infras. 

2028 
Plan. 

Infras. 

Estimated Crossing Queue 
Length (feet) 

Estimated Intersection Queue 
Length (feet) 

Project area access at 38th 
Avenue 

NB 40 1,120 1,240 Industrial Way/ 
38th Avenue 

WBL 20 160 180 

SB 20 160 200 EBR 20 20 20 

Weyerhaeuser access- 
opposite Washington Way 

NB 280 760 480 Industrial Way/ 
Washington Way 

WBL 120 180 140 

EBR 40 40 40 

SB 120 240 200 SBT 60 240 180 

Weyerhaeuser NORPAC 
access 

NB 60 160 100 Industrial Way/ 
NORPAC access 

WBL 20 20 20 

SB 20 20 20 EBR 20 20 20 

Industrial Way- SR 432 
(101806G) 

NB 380 500 420 Industrial Way/ 
Weyerhaeuser  

EBL 140 200 120 

SB 340 1,200 520 NBT 260 380 300 

Oregon Way- SR 433 
(101805A) 

NB 880 2,140 1,460 Industrial Way/ 
Oregon Way 

NBT 660 1,920 1,220 

EBL 180 240 200 

WBR 100 100 100 

SB 440 1,580 800 Oregon Way/ 
Alabama Street 

EBR N/A 280 120 

WBL 560 100 

SBT 880 100 

California Way (101821J) NB 100 240 180 Industrial Way/ 
California Way 

N/A N/A N/A N/A 

SB 160 660 380 

3rd Avenue- SR 432 
(101826T) 

NB 1,400 1,720 600 3rd Avenue/ 
Industrial Way 

WBR 60 120 80 

NBT 1,000 1,320 200 

Industrial Way/ 
California Way 

SBL 120 120 N/A 

SB 340 1,740 820 NBR 80 80 

EBT 760 1,080 
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Crossing Name  
(USDOT Crossing ID) 

Road 
MVMTb 

2028 No-
Action 

2028 
Exist. 

Infras. 

2028 
Plan. 

Infras. Intersection 
Affected by Queue 
from Crossing 

Interse-
ction 

MVMTc 

2028 No-
Action 

2028 
Exist. 

Infras. 

2028 
Plan. 

Infras. 

Estimated Crossing Queue 
Length (feet) 

Estimated Intersection Queue 
Length (feet) 

Dike Road (101791U) NB 60 80 100 None N/A N/A N/A N/A 

SB 100 120 140 

Notes: 
a  Shaded gray values indicate a study crossing or intersection with a queue that exceeds available storage. Shaded black values indicate an adverse queue impact. 
b MVMT= Roadway movement approaching the rail crossing; NB = northbound; SB = southbound; EB = eastbound; WB = westbound 
c  MVMT= Movement at nearby intersection affected by queue from rail crossing; NBL = northbound left; NBR = northbound right; NBT = northbound through; SBL = 

southbound left; SBR = southbound right; SBT = southbound through; EBL = eastbound left; EBR = eastbound right; EBT = eastbound through; WBL = westbound 
left; WBR = westbound right; WBT = westbound through; N/A = not available 
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Total gate downtime would be up to 8 minutes per day at public crossings along the Reynolds Lead 

and 43 minutes per day at the Dike Road crossing along the BNSF Spur under the 2018 No-Action 

and 2018 Construction (truck delivery) scenarios. If preload material is delivered by rail, total gate 

downtime would be up to 12 minutes longer per day at public crossings along the Reynolds Lead 

and BNSF Spur compared to the 2018 No-Action scenario. Over the course of a day, a 1% increase in 

probability of EMS and fire protection response vehicles being delayed at study crossings along the 

Reynolds Lead and BNSF Spur is anticipated with 2018 Construction (via rail) scenario trains.  

2028 Operations 

The average delay during the PM peak hour per stopped vehicle during operations in 2028 would be 

estimated at less than 110 seconds at public at-grade crossings along the Reynolds Lead, and 

generally less than 60 seconds at public at-grade crossings along the BNSF Spur. This corresponds to 

an increase by approximately 90 seconds or less at public at-grade crossings along the Reynolds 

Lead and less than 40 seconds along the BNSF Spur compared to the 2028 No Action scenario. With 

the planned track infrastructure, the average delay during the PM peak hour per stopped vehicle 

would be estimated to increase by less than 50 seconds at public at-grade crossings along the 

Reynolds Lead.  

Total gate downtime would be up to 14 minutes per day at public crossings along the Reynolds Lead 

and 43 minutes per day at the Dike Road crossing along the BNSF Spur in the 2028 No-Action 

scenario. Under full operations, trains would increase total gate downtime more than 130 minutes 

during an average day for the public study crossings along the Reynolds Lead and BNSF Spur 

compared to the 2028 No-Action scenario. The planned track infrastructure along the Reynolds Lead 

would reduce the total gate downtime at the Industrial Way (SR 432), Oregon Way (SR 433), 

California Way, and 3rd Avenue (SR 432) study crossings.  

Over the course of a day, a 10% increase in probability of EMS and fire protection response vehicles 

being delayed at study crossings along the Reynolds Lead and BNSF Spur is anticipated with the 

proposed project (with existing track infrastructure) trains. The planned track infrastructure along 

the Reynolds Lead would reduce the probability of EMS and fire protection response vehicles of 

being delayed at the Industrial Way (SR 432), Oregon Way (SR 433), California Way, and 3rd Avenue 

(SR 432) study crossings by around 5%. Overall, the On-Site Alternative could have an adverse 

impact on emergency vehicle response time, especially without planned track improvements, 

depending on the location of the origin and destination of the response incident in relation to the at-

grade crossings that would be anticipated to experience increased gate downtime. 

Increase Predicted Accident Probability 

For this analysis, a predicted accident probability of 0.04 accident per year, or one every 25 years, 

was used as a performance measure for when grade-separation should be considered at study 

crossings for safety reasons. This was based on a peer review of similar applications of the FRA 

GradeDec.Net module. The predicted accident probability based on current safety protection for 

each at-grade study is summarized in Table 14 for both construction and operations of the On-Site 

Alternative, with No-Action Alternative conditions shown for reference. As shown, the predicted 

accident probability was found to be above 0.04 accident per year with existing crossing safety 

protection at the 3rd Avenue (SR 432) study crossing along the Reynolds Lead. At full operation of 

the On-Site Alternative, trains would increase the predicted accident probability above 0.04 accident 

per year at this study crossing.  
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Table 14.  At-Grade Crossing Safety Assessment 

Crossing Name  
(USDOT Crossing ID) 

Predicted Accidents (accidents/year) 

2018  
No-Action 

2018 Proposed Action 
(Truck Delivery) 

2018 Proposed 
Action (Rail Delivery) 

2028  
No-Action 

2028 
Operations 

Project area access at 38th Avenue 0.008 0.019 0.020 0.011 0.035 

Weyerhaeuser access at Washington Way 0.014 0.014 0.017 0.018 0.027 

Weyerhaeuser NORPAC access 0.012 0.012 0.015 0.016 0.031 

Industrial Way- SR 432 (101806G) 0.013 0.014 0.016 0.016 0.025 

Oregon Way- SR 433 (101805A) 0.018 0.018 0.021 0.022 0.038 

California Way (101821J) 0.010 0.010 0.012 0.012 0.020 

3rd Avenue- SR 432 (101826T) 0.021 0.021 0.025 0.026 0.042 

Dike Road (101791U) 0.014 0.014 0.014 0.014 0.020 

Notes: 
Bolded, shaded gray values indicate an adverse vehicle safety impact (a study crossing that would have a predicted accident probability above 0.04 under the 
Proposed Action that would be at or below 0.04 under the No-Action Alternative from the same year). 
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3.2 Off-Site Alternative 
Potential impacts on vehicle transportation from the Off-Site Alternative are described below. 

3.2.1 Construction: Direct and Indirect Impacts  

The Off-Site Alternative would generate the same number of vehicle trips as the On-Site Alternative 

during construction. Direct impacts during construction would be the same as described for the On-

Site Alternative, except construction vehicles would access the project area for the Off-Site 

Alternative via a new private driveway on Mount Solo Road.  

Construction of the Off-Site Alternative would result in the following indirect impacts. 

Cause Vehicle Delays from Rail Construction Traffic 

Average vehicle delay, peak hour vehicle delay, and queuing at study crossings would be the 

same as the On-Site Alternative at all study crossings, except at the crossing of the Reynolds 

Lead at 38th Avenue. Average vehicle delay, peak hour vehicle delay, and queuing at this study 

crossing and queue lengths at the Industrial Way/38th Avenue intersection would be less than 

the On-Site Alternative because construction vehicles associated with the export terminal would 

not use this crossing under the Off-Site Alternative.  

Under the Off-Site Alternative, it is anticipated the driveway on Mt. Solo Road that provides 

access to the Off-Site Alternative project area would be controlled with a stop sign. Mt. Solo Road 

would continue to be free-flow and would not introduce a new stop sign or intersection signal at 

the project area access driveway that would substantially slow operations on Mt. Solo Road. 

Under the truck delivery scenario, trucks entering and exiting the project area access driveway 

could slow traffic on Mt. Solo Road but would not be expected to substantially change vehicle 

operations on Mt. Solo Road. The turning movements of trucks to and from Mt. Solo Road would 

decrease vehicle safety conditions and increase the potential for a crash compared to the No-

Action Alternative because a new access point with truck turning movements would be 

introduced on Mt. Solo Road without a stop sign or signal. 

The driveway would cross the rail loop in the project area more than 3,000 feet from Mt. Solo 

Road. Therefore, vehicle queueing at this at-grade crossing in the project area would not affect 

vehicle operations on Mt. Solo Road.  

Cause Delay to Emergency Vehicle Response  

This impact would be the same as described for the On-Site Alternative.  

Increase the Predicted Accident Probability at Study Crossings  

This impact would be the same as described for the On-Site Alternative.  

3.2.2 Operations: Direct and Indirect Impacts 

The Off-Site Alternative would generate the same number of vehicle trips as the On-Site Alternative 

during operations. Direct impacts during operations would be the same as the On-Site Alternative, 
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except vehicles would access the project area for the Off-Site Alternative via a new private driveway 

on Mount Solo Road. 

Construction of the Off-Site Alternative would result in the following indirect impacts on vehicle 

transportation. 

Cause Vehicle Delays from Rail Traffic 

Average vehicle delay, peak hour vehicle delay, and queuing at study crossings would be the 

same as the On-Site Alternative at all study crossings, except at the crossing of the Reynolds 

Lead at 38th Avenue. Average vehicle delay, peak hour vehicle delay, and queuing at this study 

crossing and queue lengths at the Industrial Way/38th Avenue intersection would be less than 

the On-Site Alternative because vehicles associated with the export terminal operations would 

not use this crossing under the Off-Site Alternative.  

Under the Off-Site Alternative, it is anticipated the driveway on Mt. Solo Road that provides 

access to the Off-Site Alternative project area would be controlled with a stop sign. Mt. Solo Road 

would continue to be free-flow (not controlled by a stop sign or intersection signal). Therefore, 

vehicle trips to and from the project area would not substantially change vehicle operations on 

Mt. Solo Road. Vehicle turning movements to and from Mt. Solo Road would decrease vehicle 

safety conditions and increase the potential for a crash compared to the No-Action Alternative 

because a new access point with turning movements would be introduced on Mt. Solo Road 

without a stop sign or signal.  

The private driveway would cross the rail loop in the project area more than 3,000 feet from Mt. 

Solo Road. Therefore, vehicle queueing at this crossing in the project area would not affect 

vehicle operations on Mt. Solo Road.  

Cause Delay to Emergency Vehicle Response from Rail Traffic 

This impact would be the same as described for the On-Site Alternative.  

Increase the Predicted Accident Probability at Study Crossings  

This impact would be the same as described for the On-Site Alternative. 

3.3 No-Action Alternative 
The Applicant’s planned growth and future expansion scenario would require approximately two 

trains per day on the Reynolds Lead. Anticipated No-Action Alternative conditions for vehicle LOS 

for 2018 are shown in Tables 7 and 8. As shown, all study crossings would operate with an LOS B or 

better along the Reynolds Lead, LOS C at the Dike Road crossing along the BNSF Spur during the PM 

peak hour. All study crossings would operate with an LOS A over a 24-hour period.  

Table 9 shows the estimated vehicle queue lengths for the 2018 No-Action scenario. Vehicle queues 

extending from six study crossings (all along the Reynolds Lead) would affect seven nearby 

intersections with 2018 No-Action scenario trains during the PM peak hour. The affected 

intersections include Industrial Way/38th Avenue, Industrial Way/Washington Way, Industrial 

Way/ NORPAC access, Industrial Way/Weyerhaeuser Access, Industrial Way/Oregon Way, 3rd 

Avenue/Industrial Way, and Industrial Way/California Way. Vehicle queues at these intersections 
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would exceed available storage at four approaches, including the eastbound right turn from 

Industrial Way to the Weyerhaeuser Access (opposite Washington Way), the eastbound left turn and 

westbound right turn from Industrial Way to Oregon Way, and the northbound through movement 

at the 3rd Avenue/Industrial Way intersection. These queues could potentially block other 

movements at these intersections that would otherwise not be affected by train crossing events. 

Table 10 shows the weighted average train lengths and total gate downtime at the study crossings 

for 2028. The 2028 No-Action scenario would include approximately 2 additional non-project-

related trains per day on the Reynolds Lead, as documented in Section 2.1.2.1, No-Action Alternative 

Analysis. Overall, 4 trains per day are expected along the Reynolds Lead (1 during the PM peak 

hour), and 7 (1 during the PM peak hour) at the Dike Road study crossing (along the BNSF Spur) 

under the 2028 No-Action scenario. The weighted average length of these trains would be around 

2,000 feet along the Reynolds Lead, and 5,000 feet along the BNSF Spur.  

Total gate downtime would be up to 14 minutes per day (3 minutes during the PM peak hour) at 

public crossings along the Reynolds Lead, 20 minutes per day (5 minutes during the PM peak hour) 

at private crossings along the Reynolds Lead and 43 minutes per day (6 minutes during the PM peak 

hour) at the Dike Road crossing along the BNSF Spur under the 2028 No-Action scenario. 

The predicted accident probability under 2018 No-Action scenario conditions are shown in Table 

14. The predicted accident probability for the No-Action Alternative was found to be below 0.04 

accident per year with existing crossing safety protection at the study crossings. 

The 2028 No-Action scenario would include approximately 2 additional non-project-related trains 

per day on the Reynolds Lead, as documented in Section 2.1.2.1, No-Action Alternative Analysis. The 

estimated conditions for vehicle LOS for 2028 No-Action scenario are shown in Tables 11 and 12. As 

shown, all study crossings would operate with an LOS B or better along the Reynolds Lead, and LOS 

C or better along the BNSF Spur during the PM peak hour. All study crossings would operate with an 

LOS A over a 24-hour period.  

Table 13 shows the estimated vehicle queue lengths for the 2028 No-Action scenario. Vehicle queues 

would be up to 400 feet longer beyond those identified with the 2018 No-Action scenario trains. 

Vehicle queues extending from six study crossings would affect eight nearby intersections with 2028 

No-Action scenario trains during the PM peak hour. All of the affected intersections were previously 

identified as being affected with 2018 trains, including Industrial Way/38th Avenue, Industrial 

Way/Washington Way, Industrial Way/NORPAC access, Industrial Way/Weyerhaeuser Access, 

Industrial Way/Oregon Way, 3rd Avenue/Industrial Way, and Industrial Way/California Way. 

Vehicle queues at these intersections would exceed available storage at the four approaches 

identified with the 2018 No-Action scenario trains, including the westbound right turn from 

Industrial Way to the Weyerhaeuser Access (opposite Washington Way), the eastbound left turn and 

westbound right turn from Industrial Way to Oregon Way, and the northbound through movement 

at the 3rd Avenue/Industrial Way intersection. These queues could potentially block other 

movements at these intersections that would otherwise not be affected by train crossing events. 

The predicted accident probability for the 2028 No-Action scenario conditions are shown in Table 

14. The predicted accident probability for the No-Action Alternative was found to be below 0.04 

accidents per year with existing crossing safety protection at the study crossings.
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Chapter 4 
Required Permits 

No permits related to vehicle transportation would be required for construction and operation of 

the On-Site Alternative or Off-Site Alternative.  
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Weighted Average Train Length

2018 No-
Action 

Alternative

2018 
Construction  

(Truck)

2018 
Construction 

(Rail)

2028 No-Action 
Alternative (current 

infra)

2028 On-Site 
Alternative (current 

infra)

2028 On-Site 
Alternative 

(planned infra)

Daily 2,024 2,024 3,530 2,043 5,886 5,886
P.M. Peak 2,024 2,024 6,219 2,043 6,844 6,844

Daily 2,024 2,024 3,530 2,043 5,886 5,886
P.M. Peak 2,024 2,024 6,219 2,043 6,844 6,844

Daily 2,024 2,024 3,530 2,043 5,886 5,886
P.M. Peak 2,024 2,024 6,219 2,043 6,844 6,844

Daily 2,024 2,024 3,530 2,043 5,886 5,886
P.M. Peak 2,024 2,024 6,219 2,043 6,844 6,844

Daily 2,024 2,024 3,530 2,043 5,886 5,886
P.M. Peak 2,024 2,024 6,219 2,043 6,844 6,844

Daily 2,041 2,041 3,541 2,053 5,888 5,888
P.M. Peak 2,041 2,041 6,219 2,053 6,844 6,844

Daily 2,041 2,041 3,541 2,053 5,888 5,888
P.M. Peak 2,041 2,041 6,219 2,053 6,844 6,844

Daily 4,919 4,919 5,116 4,919 6,251 6,251
P.M. Peak 4,919 4,919 6,219 4,919 6,844 6,844

Project site access (opposite 
38th Avenue)

Spur Line

Weyerhaeuser access (opposite 
Washington Way)

Weyerhaeuser Norpac Access

Industrial Way (SR 432)

Dike Road

3rd Avenue (SR 432)

California Way

Oregon Way (SR 433)



Weighted Average Speed

Spur Line
2018 No-

Action 
Alternative

2018 
Construction  

(Truck 
Delivery)

2018 
Construction 

(Rail 
Delivery)

2028 No-Action 
Alternative (with 

current track 
infrastructure)

2028 On-Site 
Alternative (with 

current track 
infrastructure)

2028 On-Site 
Alternative (with 

planned track 
infrastructure)

2028 On-Site 
Alternative (with 

planned track 
infrastructure)

Spur Line Daily Daily Daily Daily Daily Daily Daily
Project site access (opposite 38th 

Avenue) 5 5 5 5 5 5 5

Weyerhaeuser access (opposite 
Washington Way) 8 8 8 8 8 10 10

Weyerhaeuser Norpac Access 10 10 10 10 10 15 15
Industrial Way (SR 432) 10 10 10 10 10 20 20

Oregon Way (SR 433) 10 10 10 10 10 20 20
California Way 8 8 8 8 8 15 15

3rd Avenue (SR 432) 8 8 8 8 8 15 15
Dike Road 10 10 10 10 10 10 10



Weighted Average Speed

Spur Line
2018 No-

Action 
Alternative

2018 
Construction  

(Truck 
Delivery)

2018 
Construction 

(Rail Delivery)

2028 No-Action 
Alternative (with 

current track 
infrastructure)

2028 On-Site 
Alternative (with 

current track 
infrastructure)

2028 On-Site 
Alternative (with 

planned track 
infrastructure)

2028 On-Site 
Alternative (with 

planned track 
infrastructure)

Spur Line P.M. Peak P.M. Peak P.M. Peak P.M. Peak P.M. Peak P.M. Peak P.M. Peak
Project site access (opposite 38th 

Avenue) 5 5 5 5 5 5 5

Weyerhaeuser access (opposite 
Washington Way) 8 8 8 8 8 10 10

Weyerhaeuser Norpac Access 10 10 10 10 10 15 15
Industrial Way (SR 432) 10 10 10 10 10 20 20

Oregon Way (SR 433) 10 10 10 10 10 20 20
California Way 8 8 8 8 8 15 15

3rd Avenue (SR 432) 8 8 8 8 8 15 15
Dike Road 10 10 10 10 10 10 10



2018 No-Action Alternative Daily

Crossing ID Street
Number 
of Daily 
Trains

Average 
Train 

Length 
(feet)

Train 
Speed 
(mph)

Gate Down-
Time per 
Day (min)

Average daily 
traffic in 

both 
directions 
(veh/day)

Average 
delay per 

vehicle in a 
24-hour 
period 

(sec/veh)

Level of 
service

2.28 2,024 5 11.62 200 1.2 A
2.28 2,024 8 7.69 3300 0.6 A
2.28 2,024 10 6.38 650 0.4 A

101806G 2.28 2,024 10 6.38 10100 0.4 A
101805A 2.28 2,024 10 6.38 15200 0.4 A
101821J 2.28 2,041 8 7.75 4050 0.6 A

101826T 2.28 2,041 8 7.75 16850 0.6 A
101791U 7.12 4,919 10 43.38 950 5.7 A

Spur Line
Project site access (opposite 38th Avenue)

Weyerhaeuser access (opposite Washington Way)
Weyerhaeuser Norpac Access

Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road



2018 Construction  (Truck Delivery)

Crossing ID Street
Number 
of Daily 
Trains

Average 
Train 

Length 
(feet)

Train 
Speed 
(mph)

Gate Down-
Time per 
Day (min)

Average daily 
traffic in 

both 
directions 
(veh/day)

Average 
delay per 

vehicle in a 
24-hour 
period 

(sec/veh)

Level of 
service

2.28 2,024 5 11.62 2850 1.3 A
2.28 2,024 8 7.69 3300 0.6 A
2.28 2,024 10 6.38 650 0.4 A

101806G 2.28 2,024 10 6.38 12000 0.5 A
101805A 2.28 2,024 10 6.38 15650 0.4 A
101821J 2.28 2,041 8 7.75 4050 0.6 A

101826T 2.28 2,041 8 7.75 17850 0.6 A
101791U 7.12 4,919 10 43.38 950 5.7 A

Spur Line
Project site access (opposite 38th Avenue)

Weyerhaeuser access (opposite Washington Way)
Weyerhaeuser Norpac Access

Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road



2018 Construction (Rail Delivery)

Crossing ID Street
Number 
of Daily 
Trains

Average 
Train 

Length 
(feet)

Train 
Speed 
(mph)

Gate Down-
Time per 
Day (min)

Average daily 
traffic in 

both 
directions 
(veh/day)

Average 
delay per 

vehicle in a 
24-hour 
period 

(sec/veh)

Level of 
service

3.56 3,530 5 30.31 2000 5.7 A
3.56 3,530 8 19.61 3300 2.4 A
3.56 3,530 10 16.04 650 1.5 A

101806G 3.56 3,530 10 16.04 11200 1.8 A
101805A 3.56 3,530 10 16.04 15650 1.7 A
101821J 3.56 3,541 8 19.67 4050 2.5 A

101826T 3.56 3,541 8 19.67 17200 2.6 A
101791U 8.40 5,116 10 53.04 950 7.2 A

Spur Line
Project site access (opposite 38th Avenue)

Weyerhaeuser access (opposite Washington Way)
Weyerhaeuser Norpac Access

Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road



2028 No-Action Alternative (with current track infrastructure)

Crossing ID Street
Number 
of Daily 
Trains

Average 
Train 

Length 
(feet)

Train 
Speed 
(mph)

Gate Down-
Time per 
Day (min)

Average daily 
traffic in 

both 
directions 
(veh/day)

Average 
delay per 

vehicle in a 
24-hour 
period 

(sec/veh)

Level of 
service

3.99 2,043 5 20.51 250 2.2 A
3.99 2,043 8 13.57 3900 1.0 A
3.99 2,043 10 11.25 800 0.7 A

101806G 3.99 2,043 10 11.25 11450 0.8 A
101805A 3.99 2,043 10 11.25 18500 0.8 A
101821J 3.99 2,053 8 13.63 4800 1.1 A

101826T 3.99 2,053 8 13.63 20500 1.1 A
101791U 7.12 4,919 10 43.38 1100 5.7 A

Spur Line
Project site access (opposite 38th Avenue)

Weyerhaeuser access (opposite Washington Way)
Weyerhaeuser Norpac Access

Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road



2028 On-Site Alternative (with current track infrastructure)

Crossing ID Street
Number 
of Daily 
Trains

Average 
Train 

Length 
(feet)

Train 
Speed 
(mph)

Gate Down-
Time per 
Day (min)

Average daily 
traffic in 

both 
directions 
(veh/day)

Average 
delay per 

vehicle in a 
24-hour 
period 

(sec/veh)

Level of 
service

19.99 5,886 5 277.39 1340 83.5 F
19.99 5,886 8 177.11 3900 34.7 C
19.99 5,886 10 143.69 800 22.0 C

101806G 19.99 5,886 10 143.69 12100 26.2 C
101805A 19.99 5,886 10 143.69 18770 25.0 C
101821J 19.99 5,888 8 177.17 4800 36.8 D

101826T 19.99 5,888 8 177.17 20720 38.7 D
101791U 23.12 6,251 10 175.81 1100 28.8 C

Spur Line
Project site access (opposite 38th Avenue)

Weyerhaeuser access (opposite Washington Way)
Weyerhaeuser Norpac Access

Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road



2028 On-Site Alternative (with planned track infrastructure)

Crossing ID Street
Number 
of Daily 
Trains

Average 
Train 

Length 
(feet)

Train 
Speed 
(mph)

Gate Down-
Time per 
Day (min)

Average daily 
traffic in 

both 
directions 
(veh/day)

Average 
delay per 

vehicle in a 
24-hour 
period 

(sec/veh)

Level of 
service

19.99 5,886 5 277.39 1340 83.5 F
19.99 5,886 10 143.69 3900 22.8 C
19.99 5,886 15 99.13 800 10.5 B

101806G 19.99 5,886 20 76.84 12100 7.5 A
101805A 19.99 5,886 20 76.84 18770 7.2 A
101821J 19.99 5,888 15 99.16 4800 11.5 B

101826T 19.99 5,888 15 99.16 20720 12.1 B
101791U 23.12 6,251 10 175.81 1100 28.8 C

Spur Line
Project site access (opposite 38th Avenue)

Weyerhaeuser access (opposite Washington Way)
Weyerhaeuser Norpac Access

Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road



2018 No-Action Alternative PM Peak Hour

Crossing ID Street
Total Number 

of PM Peak 
Hour Trains

Gate Down-
Time PM 

Peak (min)

Spur Line Existing MBTL BNSF Cascades Coast
Starlight

1 0 0 0 0 1.00 5.10
1 0 0 0 0 1.00 3.37
1 0 0 0 0 1.00 2.80

101806G 1 0 0 0 0 1.00 2.80
101805A 1 0 0 0 0 1.00 2.80
101821J 1 0 0 0 0 1.00 3.40
101826T 1 0 0 0 0 1.00 3.40
101791U 1 0 0 0 0 1.00 6.09

Project site access (opposite 38th Avenue)
Weyerhaeuser access (opposite Washington Way)

Weyerhaeuser Norpac Access
Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road

Number of PM Peak Hour Trains



2018 Construction PM Peak Hour (Truck Delivery)

Crossing ID Street
Total Number 

of PM Peak 
Hour Trains

Gate Down-
Time PM 

Peak (min)

Spur Line Existing MBTL BNSF Cascades Coast
Starlight

1 0 0 0 0 1.00 5.10
1 0 0 0 0 1.00 3.37
1 0 0 0 0 1.00 2.80

101806G 1 0 0 0 0 1.00 2.80
101805A 1 0 0 0 0 1.00 2.80
101821J 1 0 0 0 0 1.00 3.40
101826T 1 0 0 0 0 1.00 3.40
101791U 1 0 0 0 0 1.00 6.09

Project site access (opposite 38th Avenue)
Weyerhaeuser access (opposite Washington Way)

Weyerhaeuser Norpac Access
Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road

Number of PM Peak Hour Trains



2018 Construction PM Peak Hour (Rail Delivery)

Crossing ID Street
Total Number 

of PM Peak 
Hour Trains

Gate Down-
Time PM 

Peak (min)

Spur Line Existing MBTL 
Const. BNSF Cascades Coast

Starlight
0 1.00 0 0 0 1.00 14.63
0 1.00 0 0 0 1.00 9.33
0 1.00 0 0 0 1.00 7.57

101806G 0 1.00 0 0 0 1.00 7.57
101805A 0 1.00 0 0 0 1.00 7.57
101821J 0 1.00 0 0 0 1.00 9.33
101826T 0 1.00 0 0 0 1.00 9.33
101791U 0 1.00 0 0 0 1.00 7.57

Project site access (opposite 38th Avenue)
Weyerhaeuser access (opposite Washington Way)

Weyerhaeuser Norpac Access
Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road

Number of PM Peak Hour Trains



2028 No-Action Alternative PM Peak Hour (with current track infrastructure)

Crossing ID Street
Total Number 

of PM Peak 
Hour Trains

Gate Down-
Time PM 

Peak (min)

Spur Line Existing MBTL BNSF Cascades Coast
Starlight

1 0 0 0 0 1.00 5.14
1 0 0 0 0 1.00 3.40
1 0 0 0 0 1.00 2.82

101806G 1 0 0 0 0 1.00 2.82
101805A 1 0 0 0 0 1.00 2.82
101821J 1 0 0 0 0 1.00 3.42
101826T 1 0 0 0 0 1.00 3.42
101791U 1 0 0 0 0 1.00 6.09

Project site access (opposite 38th Avenue)
Weyerhaeuser access (opposite Washington Way)

Weyerhaeuser Norpac Access
Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road

Number of PM Peak Hour Trains



2028 On-Site Alternative PM Peak Hour (with current track infrastructure)

Crossing ID Street
Total Number 

of PM Peak 
Hour Trains

Gate Down-
Time PM 

Peak (min)

Spur Line Existing MBTL BNSF Cascades Coast
Starlight

0 1 0 0 0 1.00 16.05
0 1 0 0 0 1.00 10.22
0 1 0 0 0 1.00 8.28

101806G 0 1 0 0 0 1.00 8.28
101805A 0 1 0 0 0 1.00 8.28
101821J 0 1 0 0 0 1.00 10.22
101826T 0 1 0 0 0 1.00 10.22
101791U 0 1 0 0 0 1.00 8.28

Project site access (opposite 38th Avenue)
Weyerhaeuser access (opposite Washington Way)

Weyerhaeuser Norpac Access
Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road

Number of PM Peak Hour Trains



2028 On-Site Alternative PM Peak Hour (with planned track infrastructure)- 1 MBTL Train

Crossing ID Street
Total Number 

of PM Peak 
Hour Trains

Gate Down-
Time PM 

Peak (min)

Spur Line Existing MBTL BNSF Cascades Coast
Starlight

0 1 0 0 0 1.00 16.05
0 1 0 0 0 1.00 8.28
0 1 0 0 0 1.00 5.68

101806G 0 1 0 0 0 1.00 4.39
101805A 0 1 0 0 0 1.00 4.39
101821J 0 1 0 0 0 1.00 5.68
101826T 0 1 0 0 0 1.00 5.68
101791U 0 1 0 0 0 1.00 8.28

Project site access (opposite 38th Avenue)
Weyerhaeuser access (opposite Washington Way)

Weyerhaeuser Norpac Access
Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road

Number of PM Peak Hour Trains



2028 On-Site Alternative PM Peak Hour (with planned track infrastructure)- 2 MBTL Trains

Crossing ID Street
Total Number 

of PM Peak 
Hour Trains

Gate Down-
Time PM 

Peak (min)

Spur Line Existing MBTL BNSF Cascades Coast
Starlight

0 2 0 0 0 2.00 32.11
0 2 0 0 0 2.00 16.55
0 2 0 0 0 2.00 11.37

101806G 0 2 0 0 0 2.00 8.78
101805A 0 2 0 0 0 2.00 8.78
101821J 0 2 0 0 0 2.00 11.37
101826T 0 2 0 0 0 2.00 11.37
101791U 0 2 0 0 0 2.00 16.55

Project site access (opposite 38th Avenue)
Weyerhaeuser access (opposite Washington Way)

Weyerhaeuser Norpac Access
Industrial Way (SR 432)
Oregon Way (SR 433)

California Way
3rd Avenue (SR 432)

Dike Road

Number of PM Peak Hour Trains



Traffic Volumes- PM Peak

Study Crossing

2018 No 
Action

2018 
Construction, via 

truck

2018 
Construction, via 

rail
2028 No Action 2028 Proposed

Action

38th Avenue 20 285 200 25 134
330 330 330 390 390
65 65 65 80 80

1,010 1,200 1,120 1,145 1,210
1,520 1,565 1,565 1,850 1,877
405 405 405 480 480

1,685 1,785 1,720 2,050 2,072
95 95 95 110 110

Washington Way
Weyerhaeuser Norpac Entrance

Industrial Way/SR432
SR433-Oregon Way

California Way
3rd Ave-SR 432

Dike Rd



HCM Signalized Intersection Capacity Analysis

50: Aluminum Access 1/38th Avenue & Spur Line 10/8/2015

MBTL SEPA Analysis Spur Line  9/2/2015 2018 No Action Synchro 8 Report
DKS Associatees Page 15

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 17 0 0 3 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.91 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 4590 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 4590 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 0 0 0 0 20 0 0 17 0 0 3 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 17 0 0 3 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 304.0 2892.0 2892.0
Effective Green, g (s) 304.0 2892.0 2892.0
Actuated g/C Ratio 0.10 0.90 0.90
Clearance Time (s) 2.0
Lane Grp Cap (vph) 180 4148 1683
v/s Ratio Prot c0.01 c0.00 0.00
v/s Ratio Perm
v/c Ratio 0.11 0.00 0.00
Uniform Delay, d1 1324.4 14.9 14.8
Progression Factor 0.16 1.00 1.00
Incremental Delay, d2 1.2 0.0 0.0
Delay (s) 207.6 14.9 14.8
Level of Service F B B
Approach Delay (s) 0.0 207.6 14.9 14.8
Approach LOS A F B B

Intersection Summary
HCM 2000 Control Delay 111.2 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.01
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

29: Spur Line & Washington Way 10/8/2015

MBTL SEPA Analysis Spur Line  9/2/2015 2018 No Action Synchro 8 Report
DKS Associatees Page 9

Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 217 0 0 113 0 0 0 0 0 20 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 0.91 0.95 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 4988 3539 1900
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 4988 3539 1900
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 241 0 0 126 0 0 0 0 0 20 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 241 0 0 126 0 0 0 0 0 20 0
Heavy Vehicles (%) 4% 4% 4% 2% 2% 2% 0% 0% 0% 0% 0% 0%
Turn Type NA NA NA
Protected Phases 1 3 1 3 2 2
Permitted Phases
Actuated Green, G (s) 2996.0 2996.0 200.0
Effective Green, g (s) 2996.0 2996.0 200.0
Actuated g/C Ratio 0.94 0.94 0.06
Clearance Time (s) 2.0
Lane Grp Cap (vph) 4670 3313 118
v/s Ratio Prot c0.05 0.04 c0.01
v/s Ratio Perm
v/c Ratio 0.05 0.04 0.17
Uniform Delay, d1 6.8 6.7 1421.3
Progression Factor 1.00 1.00 0.00
Incremental Delay, d2 0.0 0.0 3.1
Delay (s) 6.9 6.8 3.2
Level of Service A A A
Approach Delay (s) 6.9 6.8 0.0 3.2
Approach LOS A A A A

Intersection Summary
HCM 2000 Control Delay 6.6 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.06
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 14.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

31: Weyerhaeuser Access & Spur Line 10/8/2015

MBTL SEPA Analysis Spur Line  9/2/2015 2018 No Action Synchro 8 Report
DKS Associatees Page 10

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 57 0 0 8 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1863 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1863 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 64 0 0 9 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 64 0 0 9 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 166.0 3030.0 3030.0
Effective Green, g (s) 166.0 3030.0 3030.0
Actuated g/C Ratio 0.05 0.95 0.95
Clearance Time (s) 2.0
Lane Grp Cap (vph) 98 1764 1764
v/s Ratio Prot c0.01 c0.03 0.00
v/s Ratio Perm
v/c Ratio 0.20 0.04 0.01
Uniform Delay, d1 1453.7 4.7 4.5
Progression Factor 0.01 1.00 1.05
Incremental Delay, d2 4.6 0.0 0.0
Delay (s) 23.2 4.7 4.8
Level of Service C A A
Approach Delay (s) 0.0 23.2 4.7 4.8
Approach LOS A C A A

Intersection Summary
HCM 2000 Control Delay 8.7 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.04
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

10: Industrial Way & Spur Line 10/8/2015

MBTL SEPA Analysis Spur Line  9/2/2015 2018 No Action Synchro 8 Report
DKS Associatees Page 4

Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 443 0 0 567 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1810 1743
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1810 1743
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 482 0 0 616 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 482 0 0 616 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 5% 5% 5% 9% 9% 9%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 166.0 3030.0 3030.0
Effective Green, g (s) 166.0 3030.0 3030.0
Actuated g/C Ratio 0.05 0.95 0.95
Clearance Time (s) 2.0
Lane Grp Cap (vph) 98 1713 1650
v/s Ratio Prot c0.01 0.27 c0.35
v/s Ratio Perm
v/c Ratio 0.20 0.28 0.37
Uniform Delay, d1 1453.7 6.2 7.0
Progression Factor 0.00 1.00 1.00
Incremental Delay, d2 4.6 0.4 0.6
Delay (s) 4.8 6.6 7.6
Level of Service A A A
Approach Delay (s) 0.0 4.8 6.6 7.6
Approach LOS A A A A

Intersection Summary
HCM 2000 Control Delay 7.1 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.36
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 39.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

4: Oregon Way & Spur Line 10/8/2015

MBTL SEPA Analysis Spur Line  9/2/2015 2018 No Action Synchro 8 Report
DKS Associatees Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 856 0 0 664 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frpb, ped/bikes 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3539 3539
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3539 3539
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 930 0 0 722 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 930 0 0 722 0
Confl. Bikes (#/hr) 766
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 166.0 3030.0 3030.0
Effective Green, g (s) 166.0 3030.0 3030.0
Actuated g/C Ratio 0.05 0.95 0.95
Clearance Time (s) 2.0
Lane Grp Cap (vph) 98 3350 3350
v/s Ratio Prot c0.01 c0.26 0.20
v/s Ratio Perm
v/c Ratio 0.20 0.28 0.22
Uniform Delay, d1 1453.7 6.1 5.7
Progression Factor 0.02 1.00 1.00
Incremental Delay, d2 4.6 0.2 0.1
Delay (s) 39.4 6.3 5.8
Level of Service D A A
Approach Delay (s) 0.0 39.4 6.3 5.8
Approach LOS A D A A

Intersection Summary
HCM 2000 Control Delay 6.5 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.27
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 33.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

9: California Way & Spur Line 10/8/2015

MBTL SEPA Analysis Spur Line  9/2/2015 2018 No Action Synchro 8 Report
DKS Associatees Page 3

Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 196 0 0 209 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1743 1845
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1743 1845
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 0 0 0 0 20 0 0 211 0 0 225 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 211 0 0 225 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 9% 9% 9% 3% 3% 3%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 200.0 2996.0 2996.0
Effective Green, g (s) 200.0 2996.0 2996.0
Actuated g/C Ratio 0.06 0.94 0.94
Clearance Time (s) 2.0
Lane Grp Cap (vph) 118 1631 1727
v/s Ratio Prot c0.01 0.12 c0.12
v/s Ratio Perm
v/c Ratio 0.17 0.13 0.13
Uniform Delay, d1 1421.3 7.4 7.4
Progression Factor 0.01 1.00 1.00
Incremental Delay, d2 3.1 0.2 0.2
Delay (s) 12.4 7.6 7.6
Level of Service B A A
Approach Delay (s) 0.0 12.4 7.6 7.6
Approach LOS A B A A

Intersection Summary
HCM 2000 Control Delay 7.8 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.13
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 21.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

22: 3rd Avenue & Spur Line 10/8/2015

MBTL SEPA Analysis Spur Line  9/2/2015 2018 No Action Synchro 8 Report
DKS Associatees Page 8

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1033 0 0 652 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3195 3112
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3195 3112
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 1161 0 0 733 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1161 0 0 733 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 16% 16% 16%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 200.0 2996.0 2996.0
Effective Green, g (s) 200.0 2996.0 2996.0
Actuated g/C Ratio 0.06 0.94 0.94
Clearance Time (s) 2.0
Lane Grp Cap (vph) 118 2991 2913
v/s Ratio Prot c0.01 c0.36 0.24
v/s Ratio Perm
v/c Ratio 0.17 0.39 0.25
Uniform Delay, d1 1421.3 10.2 8.5
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 3.1 0.4 0.2
Delay (s) 1424.4 10.6 8.7
Level of Service F B A
Approach Delay (s) 0.0 1424.4 10.6 8.7
Approach LOS A F B A

Intersection Summary
HCM 2000 Control Delay 24.6 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 38.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

69: Dike Road & Spur Line 10/8/2015

MBTL SEPA Analysis Spur Line  9/2/2015 2018 No Action Synchro 8 Report
DKS Associatees Page 17

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 20 0 0 20 0 0 38 0 0 57 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00 1.00
Satd. Flow (prot) 950 950 1727 1727
Flt Permitted 1.00 1.00 1.00 1.00
Satd. Flow (perm) 950 950 1727 1727
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 20 0 0 20 0 0 38 0 0 57 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 20 0 0 20 0 0 38 0 0 57 0
Heavy Vehicles (%) 100% 100% 100% 100% 100% 100% 10% 10% 10% 10% 10% 10%
Turn Type NA NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 367.0 367.0 2829.0 2829.0
Effective Green, g (s) 367.0 367.0 2829.0 2829.0
Actuated g/C Ratio 0.11 0.11 0.88 0.88
Clearance Time (s) 2.0 2.0
Lane Grp Cap (vph) 108 108 1526 1526
v/s Ratio Prot 0.02 c0.02 0.02 c0.03
v/s Ratio Perm
v/c Ratio 0.19 0.19 0.02 0.04
Uniform Delay, d1 1281.3 1281.3 22.0 22.2
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.7 3.7 0.0 0.0
Delay (s) 1285.0 1285.0 22.0 22.3
Level of Service F F C C
Approach Delay (s) 1285.0 1285.0 22.0 22.3
Approach LOS F F C C

Intersection Summary
HCM 2000 Control Delay 396.4 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.05
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

50: Aluminum Access 1/38th Avenue & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Truck Delivery) Synchro 8 Report
DKS Associatees Page 15

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 239 0 0 3 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.91 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 4396 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 4396 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 0 0 0 0 20 0 0 244 0 0 3 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 244 0 0 3 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 18% 18% 18% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 304.0 2892.0 2892.0
Effective Green, g (s) 304.0 2892.0 2892.0
Actuated g/C Ratio 0.10 0.90 0.90
Clearance Time (s) 2.0
Lane Grp Cap (vph) 180 3972 1683
v/s Ratio Prot c0.01 c0.06 0.00
v/s Ratio Perm
v/c Ratio 0.11 0.06 0.00
Uniform Delay, d1 1324.4 15.7 14.8
Progression Factor 0.16 1.00 1.00
Incremental Delay, d2 1.2 0.0 0.0
Delay (s) 207.6 15.7 14.8
Level of Service F B B
Approach Delay (s) 0.0 207.6 15.7 14.8
Approach LOS A F B B

Intersection Summary
HCM 2000 Control Delay 30.1 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.07
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 14.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

29: Spur Line & Washington Way 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Truck Delivery) Synchro 8 Report
DKS Associatees Page 9

Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 217 0 0 113 0 0 0 0 0 20 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 0.91 0.95 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 4988 3539 1900
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 4988 3539 1900
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 241 0 0 126 0 0 0 0 0 20 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 241 0 0 126 0 0 0 0 0 20 0
Heavy Vehicles (%) 4% 4% 4% 2% 2% 2% 0% 0% 0% 0% 0% 0%
Turn Type NA NA NA
Protected Phases 1 3 1 3 2 2
Permitted Phases
Actuated Green, G (s) 2996.0 2996.0 200.0
Effective Green, g (s) 2996.0 2996.0 200.0
Actuated g/C Ratio 0.94 0.94 0.06
Clearance Time (s) 2.0
Lane Grp Cap (vph) 4670 3313 118
v/s Ratio Prot c0.05 0.04 c0.01
v/s Ratio Perm
v/c Ratio 0.05 0.04 0.17
Uniform Delay, d1 6.8 6.7 1421.3
Progression Factor 1.00 1.00 0.00
Incremental Delay, d2 0.0 0.0 3.1
Delay (s) 6.9 6.8 3.2
Level of Service A A A
Approach Delay (s) 6.9 6.8 0.0 3.2
Approach LOS A A A A

Intersection Summary
HCM 2000 Control Delay 6.6 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.06
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 14.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

31: Weyerhaeuser Access & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Truck Delivery) Synchro 8 Report
DKS Associatees Page 10

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 57 0 0 8 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1863 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1863 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 64 0 0 9 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 64 0 0 9 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 166.0 3030.0 3030.0
Effective Green, g (s) 166.0 3030.0 3030.0
Actuated g/C Ratio 0.05 0.95 0.95
Clearance Time (s) 2.0
Lane Grp Cap (vph) 98 1764 1764
v/s Ratio Prot c0.01 c0.03 0.00
v/s Ratio Perm
v/c Ratio 0.20 0.04 0.01
Uniform Delay, d1 1453.7 4.7 4.5
Progression Factor 0.01 1.00 1.05
Incremental Delay, d2 4.6 0.0 0.0
Delay (s) 23.2 4.7 4.8
Level of Service C A A
Approach Delay (s) 0.0 23.2 4.7 4.8
Approach LOS A C A A

Intersection Summary
HCM 2000 Control Delay 8.7 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.04
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

10: Industrial Way & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Truck Delivery) Synchro 8 Report
DKS Associatees Page 4

Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 593 0 0 567 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1638 1652
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1638 1652
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 645 0 0 616 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 645 0 0 616 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 16% 16% 16% 15% 15% 15%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 166.0 3030.0 3030.0
Effective Green, g (s) 166.0 3030.0 3030.0
Actuated g/C Ratio 0.05 0.95 0.95
Clearance Time (s) 2.0
Lane Grp Cap (vph) 98 1550 1564
v/s Ratio Prot c0.01 c0.39 0.37
v/s Ratio Perm
v/c Ratio 0.20 0.42 0.39
Uniform Delay, d1 1453.7 7.5 7.2
Progression Factor 0.00 1.00 1.00
Incremental Delay, d2 4.6 0.8 0.7
Delay (s) 4.8 8.3 7.9
Level of Service A A A
Approach Delay (s) 0.0 4.8 8.3 7.9
Approach LOS A A A A

Intersection Summary
HCM 2000 Control Delay 8.1 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.40
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 41.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

4: Oregon Way & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Truck Delivery) Synchro 8 Report
DKS Associatees Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 901 0 0 664 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frpb, ped/bikes 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3539 3539
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3539 3539
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 979 0 0 722 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 979 0 0 722 0
Confl. Bikes (#/hr) 766
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 166.0 3030.0 3030.0
Effective Green, g (s) 166.0 3030.0 3030.0
Actuated g/C Ratio 0.05 0.95 0.95
Clearance Time (s) 2.0
Lane Grp Cap (vph) 98 3350 3350
v/s Ratio Prot c0.01 c0.28 0.20
v/s Ratio Perm
v/c Ratio 0.20 0.29 0.22
Uniform Delay, d1 1453.7 6.2 5.7
Progression Factor 0.02 1.00 1.00
Incremental Delay, d2 4.6 0.2 0.1
Delay (s) 39.4 6.5 5.8
Level of Service D A A
Approach Delay (s) 0.0 39.4 6.5 5.8
Approach LOS A D A A

Intersection Summary
HCM 2000 Control Delay 6.6 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.29
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 34.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

9: California Way & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Truck Delivery) Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 196 0 0 209 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1743 1845
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1743 1845
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 0 0 0 0 20 0 0 211 0 0 225 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 211 0 0 225 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 9% 9% 9% 3% 3% 3%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 200.0 2996.0 2996.0
Effective Green, g (s) 200.0 2996.0 2996.0
Actuated g/C Ratio 0.06 0.94 0.94
Clearance Time (s) 2.0
Lane Grp Cap (vph) 118 1631 1727
v/s Ratio Prot c0.01 0.12 c0.12
v/s Ratio Perm
v/c Ratio 0.17 0.13 0.13
Uniform Delay, d1 1421.3 7.4 7.4
Progression Factor 0.01 1.00 1.00
Incremental Delay, d2 3.1 0.2 0.2
Delay (s) 12.4 7.6 7.6
Level of Service B A A
Approach Delay (s) 0.0 12.4 7.6 7.6
Approach LOS A B A A

Intersection Summary
HCM 2000 Control Delay 7.8 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.13
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 21.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

22: 3rd Avenue & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Truck Delivery) Synchro 8 Report
DKS Associatees Page 8

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1100 0 0 652 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3139 3112
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3139 3112
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 1236 0 0 733 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1236 0 0 733 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 15% 15% 15% 16% 16% 16%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 200.0 2996.0 2996.0
Effective Green, g (s) 200.0 2996.0 2996.0
Actuated g/C Ratio 0.06 0.94 0.94
Clearance Time (s) 2.0
Lane Grp Cap (vph) 118 2938 2913
v/s Ratio Prot c0.01 c0.39 0.24
v/s Ratio Perm
v/c Ratio 0.17 0.42 0.25
Uniform Delay, d1 1421.3 10.7 8.5
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 3.1 0.4 0.2
Delay (s) 1424.4 11.2 8.7
Level of Service F B A
Approach Delay (s) 0.0 1424.4 11.2 8.7
Approach LOS A F B A

Intersection Summary
HCM 2000 Control Delay 24.5 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.40
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 40.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

69: Dike Road & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Truck Delivery) Synchro 8 Report
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 20 0 0 20 0 0 38 0 0 57 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00 1.00
Satd. Flow (prot) 950 950 1727 1727
Flt Permitted 1.00 1.00 1.00 1.00
Satd. Flow (perm) 950 950 1727 1727
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 20 0 0 20 0 0 38 0 0 57 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 20 0 0 20 0 0 38 0 0 57 0
Heavy Vehicles (%) 100% 100% 100% 100% 100% 100% 10% 10% 10% 10% 10% 10%
Turn Type NA NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 367.0 367.0 2829.0 2829.0
Effective Green, g (s) 367.0 367.0 2829.0 2829.0
Actuated g/C Ratio 0.11 0.11 0.88 0.88
Clearance Time (s) 2.0 2.0
Lane Grp Cap (vph) 108 108 1526 1526
v/s Ratio Prot 0.02 c0.02 0.02 c0.03
v/s Ratio Perm
v/c Ratio 0.19 0.19 0.02 0.04
Uniform Delay, d1 1281.3 1281.3 22.0 22.2
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.7 3.7 0.0 0.0
Delay (s) 1285.0 1285.0 22.0 22.3
Level of Service F F C C
Approach Delay (s) 1285.0 1285.0 22.0 22.3
Approach LOS F F C C

Intersection Summary
HCM 2000 Control Delay 396.4 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.05
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

50: Aluminum Access 1/38th Avenue & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Rail Delivery) Synchro 8 Report
DKS Associatees Page 15

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 197 0 0 3 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.91 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 4590 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 4590 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 0 0 0 0 20 0 0 201 0 0 3 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 201 0 0 3 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 961.0 2235.0 2235.0
Effective Green, g (s) 961.0 2235.0 2235.0
Actuated g/C Ratio 0.30 0.70 0.70
Clearance Time (s) 2.0
Lane Grp Cap (vph) 570 3205 1301
v/s Ratio Prot c0.01 c0.04 0.00
v/s Ratio Perm
v/c Ratio 0.04 0.06 0.00
Uniform Delay, d1 791.6 152.2 145.7
Progression Factor 0.24 1.00 1.00
Incremental Delay, d2 0.1 0.0 0.0
Delay (s) 187.9 152.2 145.7
Level of Service F F F
Approach Delay (s) 0.0 187.9 152.2 145.7
Approach LOS A F F F

Intersection Summary
HCM 2000 Control Delay 155.3 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.05
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

29: Spur Line & Washington Way 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Rail Delivery) Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 217 0 0 113 0 0 0 0 0 20 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 0.91 0.95 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 4988 3539 1900
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 4988 3539 1900
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 241 0 0 126 0 0 0 0 0 20 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 241 0 0 126 0 0 0 0 0 20 0
Heavy Vehicles (%) 4% 4% 4% 2% 2% 2% 0% 0% 0% 0% 0% 0%
Turn Type NA NA NA
Protected Phases 1 3 1 3 2 2
Permitted Phases
Actuated Green, G (s) 2585.0 2585.0 611.0
Effective Green, g (s) 2585.0 2585.0 611.0
Actuated g/C Ratio 0.81 0.81 0.19
Clearance Time (s) 2.0
Lane Grp Cap (vph) 4029 2858 362
v/s Ratio Prot c0.05 0.04 c0.01
v/s Ratio Perm
v/c Ratio 0.06 0.04 0.06
Uniform Delay, d1 62.1 61.3 1058.5
Progression Factor 1.00 1.00 0.00
Incremental Delay, d2 0.0 0.0 0.3
Delay (s) 62.1 61.3 0.4
Level of Service E E A
Approach Delay (s) 62.1 61.3 0.0 0.4
Approach LOS E E A A

Intersection Summary
HCM 2000 Control Delay 58.7 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.06
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 14.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

31: Weyerhaeuser Access & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Rail Delivery) Synchro 8 Report
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 57 0 0 8 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1863 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1863 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 64 0 0 9 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 64 0 0 9 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 495.0 2701.0 2701.0
Effective Green, g (s) 495.0 2701.0 2701.0
Actuated g/C Ratio 0.15 0.84 0.84
Clearance Time (s) 2.0
Lane Grp Cap (vph) 293 1572 1572
v/s Ratio Prot c0.01 c0.03 0.00
v/s Ratio Perm
v/c Ratio 0.07 0.04 0.01
Uniform Delay, d1 1155.5 40.3 39.1
Progression Factor 0.02 1.00 1.04
Incremental Delay, d2 0.4 0.0 0.0
Delay (s) 25.7 40.3 40.9
Level of Service C D D
Approach Delay (s) 0.0 25.7 40.3 40.9
Approach LOS A C D D

Intersection Summary
HCM 2000 Control Delay 37.2 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.04
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

10: Industrial Way & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Rail Delivery) Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 551 0 0 567 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1727 1652
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1727 1652
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 599 0 0 616 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 599 0 0 616 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 10% 10% 10% 15% 15% 15%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 495.0 2701.0 2701.0
Effective Green, g (s) 495.0 2701.0 2701.0
Actuated g/C Ratio 0.15 0.84 0.84
Clearance Time (s) 2.0
Lane Grp Cap (vph) 293 1457 1394
v/s Ratio Prot c0.01 0.35 c0.37
v/s Ratio Perm
v/c Ratio 0.07 0.41 0.44
Uniform Delay, d1 1155.5 59.6 62.1
Progression Factor 0.00 1.00 1.00
Incremental Delay, d2 0.4 0.9 1.0
Delay (s) 0.6 60.4 63.1
Level of Service A E E
Approach Delay (s) 0.0 0.6 60.4 63.1
Approach LOS A A E E

Intersection Summary
HCM 2000 Control Delay 60.8 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 39.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

4: Oregon Way & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Rail Delivery) Synchro 8 Report
DKS Associatees Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 901 0 0 664 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frpb, ped/bikes 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3539 3539
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3539 3539
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 979 0 0 722 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 979 0 0 722 0
Confl. Bikes (#/hr) 766
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 495.0 2701.0 2701.0
Effective Green, g (s) 495.0 2701.0 2701.0
Actuated g/C Ratio 0.15 0.84 0.84
Clearance Time (s) 2.0
Lane Grp Cap (vph) 293 2987 2987
v/s Ratio Prot c0.01 c0.28 0.20
v/s Ratio Perm
v/c Ratio 0.07 0.33 0.24
Uniform Delay, d1 1155.5 53.8 48.9
Progression Factor 0.08 1.00 1.00
Incremental Delay, d2 0.4 0.3 0.2
Delay (s) 93.6 54.1 49.1
Level of Service F D D
Approach Delay (s) 0.0 93.6 54.1 49.1
Approach LOS A F D D

Intersection Summary
HCM 2000 Control Delay 52.4 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.29
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 34.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

9: California Way & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Rail Delivery) Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 196 0 0 209 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1743 1845
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1743 1845
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 0 0 0 0 20 0 0 211 0 0 225 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 211 0 0 225 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 9% 9% 9% 3% 3% 3%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 611.0 2585.0 2585.0
Effective Green, g (s) 611.0 2585.0 2585.0
Actuated g/C Ratio 0.19 0.81 0.81
Clearance Time (s) 2.0
Lane Grp Cap (vph) 362 1408 1490
v/s Ratio Prot c0.01 0.12 c0.12
v/s Ratio Perm
v/c Ratio 0.06 0.15 0.15
Uniform Delay, d1 1058.5 67.2 67.3
Progression Factor 0.01 1.00 1.00
Incremental Delay, d2 0.3 0.2 0.2
Delay (s) 8.2 67.5 67.5
Level of Service A E E
Approach Delay (s) 0.0 8.2 67.5 67.5
Approach LOS A A E E

Intersection Summary
HCM 2000 Control Delay 64.9 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.13
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 21.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

22: 3rd Avenue & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Rail Delivery) Synchro 8 Report
DKS Associatees Page 8

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1069 0 0 652 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3195 3112
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3195 3112
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 1201 0 0 733 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1201 0 0 733 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 16% 16% 16%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 611.0 2585.0 2585.0
Effective Green, g (s) 611.0 2585.0 2585.0
Actuated g/C Ratio 0.19 0.81 0.81
Clearance Time (s) 2.0
Lane Grp Cap (vph) 362 2580 2513
v/s Ratio Prot c0.01 c0.38 0.24
v/s Ratio Perm
v/c Ratio 0.06 0.47 0.29
Uniform Delay, d1 1058.5 94.7 77.3
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.6 0.3
Delay (s) 1058.8 95.3 77.6
Level of Service F F E
Approach Delay (s) 0.0 1058.8 95.3 77.6
Approach LOS A F F E

Intersection Summary
HCM 2000 Control Delay 98.5 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.39
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 39.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

69: Dike Road & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2018 Construction (Rail Delivery) Synchro 8 Report
DKS Associatees Page 17

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 20 0 0 20 0 0 38 0 0 57 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00 1.00
Satd. Flow (prot) 950 950 1727 1727
Flt Permitted 1.00 1.00 1.00 1.00
Satd. Flow (perm) 950 950 1727 1727
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 20 0 0 20 0 0 38 0 0 57 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 20 0 0 20 0 0 38 0 0 57 0
Heavy Vehicles (%) 100% 100% 100% 100% 100% 100% 10% 10% 10% 10% 10% 10%
Turn Type NA NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 495.0 495.0 2701.0 2701.0
Effective Green, g (s) 495.0 495.0 2701.0 2701.0
Actuated g/C Ratio 0.15 0.15 0.84 0.84
Clearance Time (s) 2.0 2.0
Lane Grp Cap (vph) 146 146 1457 1457
v/s Ratio Prot 0.02 c0.02 0.02 c0.03
v/s Ratio Perm
v/c Ratio 0.14 0.14 0.03 0.04
Uniform Delay, d1 1168.0 1168.0 39.8 40.2
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.9 1.9 0.0 0.1
Delay (s) 1170.0 1170.0 39.8 40.3
Level of Service F F D D
Approach Delay (s) 1170.0 1170.0 39.8 40.3
Approach LOS F F D D

Intersection Summary
HCM 2000 Control Delay 374.9 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.05
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

50: Aluminum Access 1/38th Avenue & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 No Action Synchro 8 Report
DKS Associatees Page 15

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 21 0 0 4 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.91 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 4590 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 4590 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 0 0 0 0 20 0 0 21 0 0 4 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 21 0 0 4 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 304.0 2892.0 2892.0
Effective Green, g (s) 304.0 2892.0 2892.0
Actuated g/C Ratio 0.10 0.90 0.90
Clearance Time (s) 2.0
Lane Grp Cap (vph) 180 4148 1683
v/s Ratio Prot c0.01 c0.00 0.00
v/s Ratio Perm
v/c Ratio 0.11 0.01 0.00
Uniform Delay, d1 1324.4 14.9 14.9
Progression Factor 0.16 1.00 1.00
Incremental Delay, d2 1.2 0.0 0.0
Delay (s) 207.6 14.9 14.9
Level of Service F B B
Approach Delay (s) 0.0 207.6 14.9 14.9
Approach LOS A F B B

Intersection Summary
HCM 2000 Control Delay 100.5 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.02
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

29: Spur Line & Washington Way 10/8/2015

MBTL Spur Line  9/2/2015 2028 No Action Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 256 0 0 134 0 0 0 0 0 20 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 0.91 0.95 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 4988 3539 1900
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 4988 3539 1900
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 284 0 0 149 0 0 0 0 0 20 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 284 0 0 149 0 0 0 0 0 20 0
Heavy Vehicles (%) 4% 4% 4% 2% 2% 2% 0% 0% 0% 0% 0% 0%
Turn Type NA NA NA
Protected Phases 1 3 1 3 2 2
Permitted Phases
Actuated Green, G (s) 2996.0 2996.0 200.0
Effective Green, g (s) 2996.0 2996.0 200.0
Actuated g/C Ratio 0.94 0.94 0.06
Clearance Time (s) 2.0
Lane Grp Cap (vph) 4670 3313 118
v/s Ratio Prot c0.06 0.04 c0.01
v/s Ratio Perm
v/c Ratio 0.06 0.04 0.17
Uniform Delay, d1 6.9 6.8 1421.3
Progression Factor 1.00 1.00 0.00
Incremental Delay, d2 0.0 0.0 3.1
Delay (s) 6.9 6.8 3.2
Level of Service A A A
Approach Delay (s) 6.9 6.8 0.0 3.2
Approach LOS A A A A

Intersection Summary
HCM 2000 Control Delay 6.7 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.07
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 14.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

31: Weyerhaeuser Access & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 No Action Synchro 8 Report
DKS Associatees Page 10

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 70 0 0 10 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1863 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1863 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 79 0 0 11 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 79 0 0 11 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 166.0 3030.0 3030.0
Effective Green, g (s) 166.0 3030.0 3030.0
Actuated g/C Ratio 0.05 0.95 0.95
Clearance Time (s) 2.0
Lane Grp Cap (vph) 98 1764 1764
v/s Ratio Prot c0.01 c0.04 0.01
v/s Ratio Perm
v/c Ratio 0.20 0.04 0.01
Uniform Delay, d1 1453.7 4.7 4.5
Progression Factor 0.01 1.00 1.08
Incremental Delay, d2 4.6 0.0 0.0
Delay (s) 23.2 4.8 4.9
Level of Service C A A
Approach Delay (s) 0.0 23.2 4.8 4.9
Approach LOS A C A A

Intersection Summary
HCM 2000 Control Delay 8.1 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.05
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

10: Industrial Way & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 No Action Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 502 0 0 643 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1810 1743
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1810 1743
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 546 0 0 699 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 546 0 0 699 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 5% 5% 5% 9% 9% 9%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 166.0 3030.0 3030.0
Effective Green, g (s) 166.0 3030.0 3030.0
Actuated g/C Ratio 0.05 0.95 0.95
Clearance Time (s) 2.0
Lane Grp Cap (vph) 98 1713 1650
v/s Ratio Prot c0.01 0.30 c0.40
v/s Ratio Perm
v/c Ratio 0.20 0.32 0.42
Uniform Delay, d1 1453.7 6.5 7.5
Progression Factor 0.00 1.00 1.00
Incremental Delay, d2 4.6 0.5 0.8
Delay (s) 4.8 7.0 8.3
Level of Service A A A
Approach Delay (s) 0.0 4.8 7.0 8.3
Approach LOS A A A A

Intersection Summary
HCM 2000 Control Delay 7.7 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 43.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

4: Oregon Way & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 No Action Synchro 8 Report
DKS Associatees Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1042 0 0 808 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frpb, ped/bikes 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3539 3539
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3539 3539
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 1133 0 0 878 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1133 0 0 878 0
Confl. Bikes (#/hr) 766
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 166.0 3030.0 3030.0
Effective Green, g (s) 166.0 3030.0 3030.0
Actuated g/C Ratio 0.05 0.95 0.95
Clearance Time (s) 2.0
Lane Grp Cap (vph) 98 3350 3350
v/s Ratio Prot c0.01 c0.32 0.25
v/s Ratio Perm
v/c Ratio 0.20 0.34 0.26
Uniform Delay, d1 1453.7 6.6 6.0
Progression Factor 0.02 1.00 1.00
Incremental Delay, d2 4.6 0.3 0.2
Delay (s) 39.4 6.9 6.2
Level of Service D A A
Approach Delay (s) 0.0 39.4 6.9 6.2
Approach LOS A D A A

Intersection Summary
HCM 2000 Control Delay 6.9 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.33
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 38.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

9: California Way & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 No Action Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 232 0 0 248 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1743 1845
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1743 1845
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 0 0 0 0 20 0 0 249 0 0 267 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 249 0 0 267 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 9% 9% 9% 3% 3% 3%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 200.0 2996.0 2996.0
Effective Green, g (s) 200.0 2996.0 2996.0
Actuated g/C Ratio 0.06 0.94 0.94
Clearance Time (s) 2.0
Lane Grp Cap (vph) 118 1631 1727
v/s Ratio Prot c0.01 0.14 c0.14
v/s Ratio Perm
v/c Ratio 0.17 0.15 0.15
Uniform Delay, d1 1421.3 7.6 7.6
Progression Factor 0.01 1.00 1.00
Incremental Delay, d2 3.1 0.2 0.2
Delay (s) 12.4 7.8 7.8
Level of Service B A A
Approach Delay (s) 0.0 12.4 7.8 7.8
Approach LOS A B A A

Intersection Summary
HCM 2000 Control Delay 8.0 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.16
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 23.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

22: 3rd Avenue & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 No Action Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1257 0 0 793 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3195 3112
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3195 3112
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 1412 0 0 891 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1412 0 0 891 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 16% 16% 16%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 200.0 2996.0 2996.0
Effective Green, g (s) 200.0 2996.0 2996.0
Actuated g/C Ratio 0.06 0.94 0.94
Clearance Time (s) 2.0
Lane Grp Cap (vph) 118 2991 2913
v/s Ratio Prot c0.01 c0.44 0.29
v/s Ratio Perm
v/c Ratio 0.17 0.47 0.31
Uniform Delay, d1 1421.3 11.7 9.1
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 3.1 0.5 0.3
Delay (s) 1424.4 12.2 9.4
Level of Service F B A
Approach Delay (s) 0.0 1424.4 12.2 9.4
Approach LOS A F B A

Intersection Summary
HCM 2000 Control Delay 23.3 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 44.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

69: Dike Road & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 No Action Synchro 8 Report
DKS Associatees Page 17

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 20 0 0 20 0 0 44 0 0 66 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00 1.00
Satd. Flow (prot) 950 950 1727 1727
Flt Permitted 1.00 1.00 1.00 1.00
Satd. Flow (perm) 950 950 1727 1727
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 20 0 0 20 0 0 44 0 0 66 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 20 0 0 20 0 0 44 0 0 66 0
Heavy Vehicles (%) 100% 100% 100% 100% 100% 100% 10% 10% 10% 10% 10% 10%
Turn Type NA NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 367.0 367.0 2829.0 2829.0
Effective Green, g (s) 367.0 367.0 2829.0 2829.0
Actuated g/C Ratio 0.11 0.11 0.88 0.88
Clearance Time (s) 2.0 2.0
Lane Grp Cap (vph) 108 108 1526 1526
v/s Ratio Prot 0.02 c0.02 0.03 c0.04
v/s Ratio Perm
v/c Ratio 0.19 0.19 0.03 0.04
Uniform Delay, d1 1281.3 1281.3 22.1 22.4
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.7 3.7 0.0 0.1
Delay (s) 1285.0 1285.0 22.1 22.4
Level of Service F F C C
Approach Delay (s) 1285.0 1285.0 22.1 22.4
Approach LOS F F C C

Intersection Summary
HCM 2000 Control Delay 359.0 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.06
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

50: Aluminum Access 1/38th Avenue & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 1 MBTL, Current Infrastructure Synchro 8 Report
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 89 0 0 45 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.91 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 4590 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 4590 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 0 0 0 0 20 0 0 91 0 0 46 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 91 0 0 46 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 961.0 2235.0 2235.0
Effective Green, g (s) 961.0 2235.0 2235.0
Actuated g/C Ratio 0.30 0.70 0.70
Clearance Time (s) 2.0
Lane Grp Cap (vph) 570 3205 1301
v/s Ratio Prot c0.01 0.02 c0.02
v/s Ratio Perm
v/c Ratio 0.04 0.03 0.04
Uniform Delay, d1 791.6 148.4 149.2
Progression Factor 0.24 1.00 1.00
Incremental Delay, d2 0.1 0.0 0.1
Delay (s) 187.9 148.5 149.2
Level of Service F F F
Approach Delay (s) 0.0 187.9 148.5 149.2
Approach LOS A F F F

Intersection Summary
HCM 2000 Control Delay 153.7 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.04
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

29: Spur Line & Washington Way 10/8/2015

MBTL Spur Line  9/2/2015 2028 1 MBTL, Current Infrastructure Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 256 0 0 134 0 0 0 0 0 20 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 0.91 0.95 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 4988 3539 1900
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 4988 3539 1900
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 284 0 0 149 0 0 0 0 0 20 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 284 0 0 149 0 0 0 0 0 20 0
Heavy Vehicles (%) 4% 4% 4% 2% 2% 2% 0% 0% 0% 0% 0% 0%
Turn Type NA NA NA
Protected Phases 1 3 1 3 2 2
Permitted Phases
Actuated Green, G (s) 2585.0 2585.0 611.0
Effective Green, g (s) 2585.0 2585.0 611.0
Actuated g/C Ratio 0.81 0.81 0.19
Clearance Time (s) 2.0
Lane Grp Cap (vph) 4029 2858 362
v/s Ratio Prot c0.06 0.04 c0.01
v/s Ratio Perm
v/c Ratio 0.07 0.05 0.06
Uniform Delay, d1 62.7 61.7 1058.5
Progression Factor 1.00 1.00 0.00
Incremental Delay, d2 0.0 0.0 0.3
Delay (s) 62.7 61.7 0.4
Level of Service E E A
Approach Delay (s) 62.7 61.7 0.0 0.4
Approach LOS E E A A

Intersection Summary
HCM 2000 Control Delay 59.6 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.07
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 14.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

31: Weyerhaeuser Access & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 1 MBTL, Current Infrastructure Synchro 8 Report
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 70 0 0 10 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1863 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1863 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 79 0 0 11 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 79 0 0 11 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 495.0 2701.0 2701.0
Effective Green, g (s) 495.0 2701.0 2701.0
Actuated g/C Ratio 0.15 0.84 0.84
Clearance Time (s) 2.0
Lane Grp Cap (vph) 293 1572 1572
v/s Ratio Prot c0.01 c0.04 0.01
v/s Ratio Perm
v/c Ratio 0.07 0.05 0.01
Uniform Delay, d1 1155.5 40.6 39.1
Progression Factor 0.02 1.00 1.00
Incremental Delay, d2 0.4 0.1 0.0
Delay (s) 25.7 40.7 39.1
Level of Service C D D
Approach Delay (s) 0.0 25.7 40.7 39.1
Approach LOS A C D D

Intersection Summary
HCM 2000 Control Delay 37.8 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.05
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

10: Industrial Way & Spur Line 10/8/2015
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 543 0 0 667 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1810 1743
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1810 1743
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 590 0 0 725 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 590 0 0 725 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 5% 5% 5% 9% 9% 9%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 495.0 2701.0 2701.0
Effective Green, g (s) 495.0 2701.0 2701.0
Actuated g/C Ratio 0.15 0.84 0.84
Clearance Time (s) 2.0
Lane Grp Cap (vph) 293 1527 1471
v/s Ratio Prot c0.01 0.33 c0.42
v/s Ratio Perm
v/c Ratio 0.07 0.39 0.49
Uniform Delay, d1 1155.5 57.7 66.6
Progression Factor 0.00 1.00 1.00
Incremental Delay, d2 0.4 0.7 1.2
Delay (s) 0.6 58.5 67.8
Level of Service A E E
Approach Delay (s) 0.0 0.6 58.5 67.8
Approach LOS A A E E

Intersection Summary
HCM 2000 Control Delay 62.7 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 45.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

4: Oregon Way & Spur Line 10/8/2015
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1059 0 0 818 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frpb, ped/bikes 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3539 3539
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3539 3539
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 1151 0 0 889 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1151 0 0 889 0
Confl. Bikes (#/hr) 766
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 495.0 2701.0 2701.0
Effective Green, g (s) 495.0 2701.0 2701.0
Actuated g/C Ratio 0.15 0.84 0.84
Clearance Time (s) 2.0
Lane Grp Cap (vph) 293 2987 2987
v/s Ratio Prot c0.01 c0.33 0.25
v/s Ratio Perm
v/c Ratio 0.07 0.39 0.30
Uniform Delay, d1 1155.5 57.7 52.0
Progression Factor 0.08 1.00 1.00
Incremental Delay, d2 0.4 0.4 0.3
Delay (s) 93.6 58.0 52.2
Level of Service F E D
Approach Delay (s) 0.0 93.6 58.0 52.2
Approach LOS A F E D

Intersection Summary
HCM 2000 Control Delay 55.9 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.34
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

9: California Way & Spur Line 10/8/2015
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 232 0 0 248 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1743 1845
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1743 1845
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 0 0 0 0 20 0 0 249 0 0 267 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 249 0 0 267 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 9% 9% 9% 3% 3% 3%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 611.0 2585.0 2585.0
Effective Green, g (s) 611.0 2585.0 2585.0
Actuated g/C Ratio 0.19 0.81 0.81
Clearance Time (s) 2.0
Lane Grp Cap (vph) 362 1408 1490
v/s Ratio Prot c0.01 0.14 c0.14
v/s Ratio Perm
v/c Ratio 0.06 0.18 0.18
Uniform Delay, d1 1058.5 68.9 69.1
Progression Factor 0.01 1.00 1.00
Incremental Delay, d2 0.3 0.3 0.3
Delay (s) 8.2 69.2 69.4
Level of Service A E E
Approach Delay (s) 0.0 8.2 69.2 69.4
Approach LOS A A E E

Intersection Summary
HCM 2000 Control Delay 67.0 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.16
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 23.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

22: 3rd Avenue & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 1 MBTL, Current Infrastructure Synchro 8 Report
DKS Associatees Page 8

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1271 0 0 801 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3195 3112
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3195 3112
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 1428 0 0 900 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1428 0 0 900 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 16% 16% 16%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 611.0 2585.0 2585.0
Effective Green, g (s) 611.0 2585.0 2585.0
Actuated g/C Ratio 0.19 0.81 0.81
Clearance Time (s) 2.0
Lane Grp Cap (vph) 362 2580 2513
v/s Ratio Prot c0.01 c0.45 0.29
v/s Ratio Perm
v/c Ratio 0.06 0.55 0.36
Uniform Delay, d1 1058.5 106.9 83.2
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.9 0.4
Delay (s) 1058.8 107.8 83.6
Level of Service F F F
Approach Delay (s) 0.0 1058.8 107.8 83.6
Approach LOS A F F F

Intersection Summary
HCM 2000 Control Delay 106.6 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 45.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

69: Dike Road & Spur Line 10/8/2015
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 20 0 0 20 0 0 44 0 0 66 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00 1.00
Satd. Flow (prot) 950 950 1727 1727
Flt Permitted 1.00 1.00 1.00 1.00
Satd. Flow (perm) 950 950 1727 1727
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 20 0 0 20 0 0 44 0 0 66 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 20 0 0 20 0 0 44 0 0 66 0
Heavy Vehicles (%) 100% 100% 100% 100% 100% 100% 10% 10% 10% 10% 10% 10%
Turn Type NA NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 495.0 495.0 2701.0 2701.0
Effective Green, g (s) 495.0 495.0 2701.0 2701.0
Actuated g/C Ratio 0.15 0.15 0.84 0.84
Clearance Time (s) 2.0 2.0
Lane Grp Cap (vph) 146 146 1457 1457
v/s Ratio Prot 0.02 c0.02 0.03 c0.04
v/s Ratio Perm
v/c Ratio 0.14 0.14 0.03 0.05
Uniform Delay, d1 1168.0 1168.0 39.9 40.5
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.9 1.9 0.0 0.1
Delay (s) 1170.0 1170.0 40.0 40.5
Level of Service F F D D
Approach Delay (s) 1170.0 1170.0 40.0 40.5
Approach LOS F F D D

Intersection Summary
HCM 2000 Control Delay 341.5 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.06
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

50: Aluminum Access 1/38th Avenue & Spur Line 10/8/2015
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 89 0 0 45 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.91 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 4590 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 4590 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 0 0 0 0 20 0 0 91 0 0 46 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 91 0 0 46 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 961.0 2235.0 2235.0
Effective Green, g (s) 961.0 2235.0 2235.0
Actuated g/C Ratio 0.30 0.70 0.70
Clearance Time (s) 2.0
Lane Grp Cap (vph) 570 3205 1301
v/s Ratio Prot c0.01 0.02 c0.02
v/s Ratio Perm
v/c Ratio 0.04 0.03 0.04
Uniform Delay, d1 791.6 148.4 149.2
Progression Factor 0.01 1.00 1.00
Incremental Delay, d2 0.1 0.0 0.1
Delay (s) 4.1 148.5 149.2
Level of Service A F F
Approach Delay (s) 0.0 4.1 148.5 149.2
Approach LOS A A F F

Intersection Summary
HCM 2000 Control Delay 130.3 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.04
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

29: Spur Line & Washington Way 10/8/2015
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 256 0 0 134 0 0 0 0 0 20 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 0.91 0.95 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 4988 3539 1900
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 4988 3539 1900
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 284 0 0 149 0 0 0 0 0 20 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 284 0 0 149 0 0 0 0 0 20 0
Heavy Vehicles (%) 4% 4% 4% 2% 2% 2% 0% 0% 0% 0% 0% 0%
Turn Type NA NA NA
Protected Phases 1 3 1 3 2 2
Permitted Phases
Actuated Green, G (s) 2701.0 2701.0 495.0
Effective Green, g (s) 2701.0 2701.0 495.0
Actuated g/C Ratio 0.84 0.84 0.15
Clearance Time (s) 2.0
Lane Grp Cap (vph) 4210 2987 293
v/s Ratio Prot c0.06 0.04 c0.01
v/s Ratio Perm
v/c Ratio 0.07 0.05 0.07
Uniform Delay, d1 41.3 40.6 1155.5
Progression Factor 1.00 1.00 0.00
Incremental Delay, d2 0.0 0.0 0.4
Delay (s) 41.3 40.6 0.4
Level of Service D D A
Approach Delay (s) 41.3 40.6 0.0 0.4
Approach LOS D D A A

Intersection Summary
HCM 2000 Control Delay 39.3 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.07
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 14.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

31: Weyerhaeuser Access & Spur Line 10/8/2015
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 70 0 0 10 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1863 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1863 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 79 0 0 11 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 79 0 0 11 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 339.0 2857.0 2857.0
Effective Green, g (s) 339.0 2857.0 2857.0
Actuated g/C Ratio 0.11 0.89 0.89
Clearance Time (s) 2.0
Lane Grp Cap (vph) 201 1663 1663
v/s Ratio Prot c0.01 c0.04 0.01
v/s Ratio Perm
v/c Ratio 0.10 0.05 0.01
Uniform Delay, d1 1292.6 19.2 18.5
Progression Factor 2.10 1.00 1.02
Incremental Delay, d2 1.0 0.1 0.0
Delay (s) 2721.3 19.3 18.9
Level of Service F B B
Approach Delay (s) 0.0 2721.3 19.3 18.9
Approach LOS A F B B

Intersection Summary
HCM 2000 Control Delay 510.5 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.05
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 543 0 0 667 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1810 1743
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1810 1743
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 590 0 0 725 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 590 0 0 725 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 5% 5% 5% 9% 9% 9%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 261.0 2935.0 2935.0
Effective Green, g (s) 261.0 2935.0 2935.0
Actuated g/C Ratio 0.08 0.92 0.92
Clearance Time (s) 2.0
Lane Grp Cap (vph) 154 1660 1598
v/s Ratio Prot c0.01 0.33 c0.42
v/s Ratio Perm
v/c Ratio 0.13 0.36 0.45
Uniform Delay, d1 1364.1 16.3 18.8
Progression Factor 0.03 1.00 1.00
Incremental Delay, d2 1.7 0.6 0.9
Delay (s) 38.3 16.9 19.7
Level of Service D B B
Approach Delay (s) 0.0 38.3 16.9 19.7
Approach LOS A D B B

Intersection Summary
HCM 2000 Control Delay 18.7 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 45.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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4: Oregon Way & Spur Line 10/8/2015
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1059 0 0 818 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frpb, ped/bikes 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3539 3539
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3539 3539
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 1151 0 0 889 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1151 0 0 889 0
Confl. Bikes (#/hr) 766
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 261.0 2935.0 2935.0
Effective Green, g (s) 261.0 2935.0 2935.0
Actuated g/C Ratio 0.08 0.92 0.92
Clearance Time (s) 2.0
Lane Grp Cap (vph) 154 3245 3245
v/s Ratio Prot c0.01 c0.33 0.25
v/s Ratio Perm
v/c Ratio 0.13 0.35 0.27
Uniform Delay, d1 1364.1 16.3 14.7
Progression Factor 0.15 1.00 1.00
Incremental Delay, d2 1.7 0.3 0.2
Delay (s) 201.2 16.6 14.9
Level of Service F B B
Approach Delay (s) 0.0 201.2 16.6 14.9
Approach LOS A F B B

Intersection Summary
HCM 2000 Control Delay 17.6 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.34
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

9: California Way & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 1 MBTL, Planned Infrastructure Synchro 8 Report
DKS Associatees Page 3

Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 232 0 0 248 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1743 1845
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1743 1845
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 0 0 0 0 20 0 0 249 0 0 267 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 249 0 0 267 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 9% 9% 9% 3% 3% 3%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 339.0 2857.0 2857.0
Effective Green, g (s) 339.0 2857.0 2857.0
Actuated g/C Ratio 0.11 0.89 0.89
Clearance Time (s) 2.0
Lane Grp Cap (vph) 201 1556 1647
v/s Ratio Prot c0.01 0.14 c0.14
v/s Ratio Perm
v/c Ratio 0.10 0.16 0.16
Uniform Delay, d1 1292.6 21.4 21.5
Progression Factor 0.01 1.00 1.00
Incremental Delay, d2 1.0 0.2 0.2
Delay (s) 12.6 21.7 21.7
Level of Service B C C
Approach Delay (s) 0.0 12.6 21.7 21.7
Approach LOS A B C C

Intersection Summary
HCM 2000 Control Delay 21.3 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.16
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 23.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

22: 3rd Avenue & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 1 MBTL, Planned Infrastructure Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1271 0 0 801 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3195 3112
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3195 3112
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 1428 0 0 900 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1428 0 0 900 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 16% 16% 16%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 339.0 2857.0 2857.0
Effective Green, g (s) 339.0 2857.0 2857.0
Actuated g/C Ratio 0.11 0.89 0.89
Clearance Time (s) 2.0
Lane Grp Cap (vph) 201 2852 2778
v/s Ratio Prot c0.01 c0.45 0.29
v/s Ratio Perm
v/c Ratio 0.10 0.50 0.32
Uniform Delay, d1 1292.6 33.2 25.9
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 1.0 0.6 0.3
Delay (s) 1293.6 33.9 26.2
Level of Service F C C
Approach Delay (s) 0.0 1293.6 33.9 26.2
Approach LOS A F C C

Intersection Summary
HCM 2000 Control Delay 41.7 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 45.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

69: Dike Road & Spur Line 10/8/2015

MBTL Spur Line  9/2/2015 2028 1 MBTL, Planned Infrastructure Synchro 8 Report
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 20 0 0 20 0 0 44 0 0 66 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00 1.00
Satd. Flow (prot) 950 950 1727 1727
Flt Permitted 1.00 1.00 1.00 1.00
Satd. Flow (perm) 950 950 1727 1727
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 20 0 0 20 0 0 44 0 0 66 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 20 0 0 20 0 0 44 0 0 66 0
Heavy Vehicles (%) 100% 100% 100% 100% 100% 100% 10% 10% 10% 10% 10% 10%
Turn Type NA NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 495.0 495.0 2701.0 2701.0
Effective Green, g (s) 495.0 495.0 2701.0 2701.0
Actuated g/C Ratio 0.15 0.15 0.84 0.84
Clearance Time (s) 2.0 2.0
Lane Grp Cap (vph) 146 146 1457 1457
v/s Ratio Prot 0.02 c0.02 0.03 c0.04
v/s Ratio Perm
v/c Ratio 0.14 0.14 0.03 0.05
Uniform Delay, d1 1168.0 1168.0 39.9 40.5
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.9 1.9 0.0 0.1
Delay (s) 1170.0 1170.0 40.0 40.5
Level of Service F F D D
Approach Delay (s) 1170.0 1170.0 40.0 40.5
Approach LOS F F D D

Intersection Summary
HCM 2000 Control Delay 341.5 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.06
Actuated Cycle Length (s) 3200.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

49: 38th Avenue & Industrial Way 10/8/2015

MBTL Spur Line  9/2/2015 2028 2 MBTL, Planned Infrastructure Synchro 8 Report
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 21 187 2 43 333 118 4 16 69 44 0 28
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.9 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1641 1727 1468 1752 1845 1568 1597 1681 1429 1805 1615
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1641 1727 1468 1752 1845 1568 1597 1681 1429 1805 1615
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 21 191 2 44 340 120 4 16 70 45 0 29
RTOR Reduction (vph) 0 0 1 0 0 0 0 0 65 0 0 26
Lane Group Flow (vph) 21 191 1 44 340 120 4 16 5 45 0 3
Heavy Vehicles (%) 10% 10% 10% 3% 3% 3% 13% 13% 13% 0% 0% 0%
Turn Type Prot NA Perm Prot NA Free Prot NA Perm Prot Perm
Protected Phases 1 6 5 2 7 4 3 8
Permitted Phases 6 Free 4 8
Actuated Green, G (s) 0.5 18.2 18.2 1.2 18.9 39.8 0.5 2.9 2.9 1.5 3.9
Effective Green, g (s) 0.5 18.2 18.2 1.2 18.9 39.8 0.5 2.9 3.0 1.5 3.9
Actuated g/C Ratio 0.01 0.46 0.46 0.03 0.47 1.00 0.01 0.07 0.08 0.04 0.10
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 0.2 2.1 2.1 0.2 1.9 0.2 0.2 0.2 0.2 0.2
Lane Grp Cap (vph) 20 789 671 52 876 1568 20 122 107 68 158
v/s Ratio Prot 0.01 0.11 c0.03 c0.18 0.00 0.01 c0.02
v/s Ratio Perm 0.00 c0.08 0.00 0.00
v/c Ratio 1.05 0.24 0.00 0.85 0.39 0.08 0.20 0.13 0.05 0.66 0.02
Uniform Delay, d1 19.6 6.6 5.9 19.2 6.7 0.0 19.5 17.3 17.1 18.9 16.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 217.8 0.1 0.0 68.3 0.1 0.1 1.8 0.2 0.1 17.1 0.0
Delay (s) 237.4 6.7 5.9 87.5 6.8 0.1 21.2 17.4 17.1 36.0 16.2
Level of Service F A A F A A C B B D B
Approach Delay (s) 29.3 12.3 17.4 28.3
Approach LOS C B B C

Intersection Summary
HCM 2000 Control Delay 18.3 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.42
Actuated Cycle Length (s) 39.8 Sum of lost time (s) 16.0
Intersection Capacity Utilization 40.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

29: Spur Line & Washington Way 10/8/2015

MBTL Spur Line  9/2/2015 2028 2 MBTL, Planned Infrastructure Synchro 8 Report
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 256 0 0 134 0 0 0 0 0 20 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 0.91 0.95 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 4988 3539 1900
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 4988 3539 1900
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 284 0 0 149 0 0 0 0 0 20 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 284 0 0 149 0 0 0 0 0 20 0
Heavy Vehicles (%) 4% 4% 4% 2% 2% 2% 0% 0% 0% 0% 0% 0%
Turn Type NA NA NA
Protected Phases 1 3 1 3 2 2
Permitted Phases
Actuated Green, G (s) 1301.0 1301.0 495.0
Effective Green, g (s) 1301.0 1301.0 495.0
Actuated g/C Ratio 0.72 0.72 0.28
Clearance Time (s) 2.0
Lane Grp Cap (vph) 3605 2557 522
v/s Ratio Prot c0.06 0.04 c0.01
v/s Ratio Perm
v/c Ratio 0.08 0.06 0.04
Uniform Delay, d1 73.3 72.2 478.1
Progression Factor 1.00 1.00 0.00
Incremental Delay, d2 0.0 0.0 0.1
Delay (s) 73.4 72.3 0.1
Level of Service E E A
Approach Delay (s) 73.4 72.3 0.0 0.1
Approach LOS E E A A

Intersection Summary
HCM 2000 Control Delay 69.8 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.07
Actuated Cycle Length (s) 1800.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 14.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

31: Weyerhaeuser Access & Spur Line 10/8/2015
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 70 0 0 10 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1863 1863
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1863 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 79 0 0 11 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 79 0 0 11 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 339.0 1457.0 1457.0
Effective Green, g (s) 339.0 1457.0 1457.0
Actuated g/C Ratio 0.19 0.81 0.81
Clearance Time (s) 2.0
Lane Grp Cap (vph) 357 1507 1507
v/s Ratio Prot c0.01 c0.04 0.01
v/s Ratio Perm
v/c Ratio 0.06 0.05 0.01
Uniform Delay, d1 599.2 34.1 32.9
Progression Factor 2.12 1.00 1.01
Incremental Delay, d2 0.3 0.1 0.0
Delay (s) 1271.3 34.2 33.3
Level of Service F C C
Approach Delay (s) 0.0 1271.3 34.2 33.3
Approach LOS A F C C

Intersection Summary
HCM 2000 Control Delay 259.0 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.05
Actuated Cycle Length (s) 1800.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis

10: Industrial Way & Spur Line 10/8/2015
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 543 0 0 667 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1810 1743
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1810 1743
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 590 0 0 725 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 590 0 0 725 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 5% 5% 5% 9% 9% 9%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 261.0 1535.0 1535.0
Effective Green, g (s) 261.0 1535.0 1535.0
Actuated g/C Ratio 0.14 0.85 0.85
Clearance Time (s) 2.0
Lane Grp Cap (vph) 275 1543 1486
v/s Ratio Prot c0.01 0.33 c0.42
v/s Ratio Perm
v/c Ratio 0.07 0.38 0.49
Uniform Delay, d1 664.9 28.9 33.4
Progression Factor 0.05 1.00 1.00
Incremental Delay, d2 0.5 0.7 1.1
Delay (s) 34.4 29.7 34.6
Level of Service C C C
Approach Delay (s) 0.0 34.4 29.7 34.6
Approach LOS A C C C

Intersection Summary
HCM 2000 Control Delay 32.4 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 1800.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 45.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1059 0 0 818 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frpb, ped/bikes 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3539 3539
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3539 3539
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 0 20 0 0 1151 0 0 889 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1151 0 0 889 0
Confl. Bikes (#/hr) 766
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 2% 2% 2% 2% 2% 2%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 261.0 1535.0 1535.0
Effective Green, g (s) 261.0 1535.0 1535.0
Actuated g/C Ratio 0.14 0.85 0.85
Clearance Time (s) 2.0
Lane Grp Cap (vph) 275 3017 3017
v/s Ratio Prot c0.01 c0.33 0.25
v/s Ratio Perm
v/c Ratio 0.07 0.38 0.29
Uniform Delay, d1 664.9 28.9 26.1
Progression Factor 0.27 1.00 1.00
Incremental Delay, d2 0.5 0.4 0.2
Delay (s) 179.8 29.3 26.3
Level of Service F C C
Approach Delay (s) 0.0 179.8 29.3 26.3
Approach LOS A F C C

Intersection Summary
HCM 2000 Control Delay 29.5 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.34
Actuated Cycle Length (s) 1800.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis
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Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 232 0 0 248 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 1743 1845
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 1743 1845
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 0 0 0 0 20 0 0 249 0 0 267 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 249 0 0 267 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 9% 9% 9% 3% 3% 3%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 339.0 1457.0 1457.0
Effective Green, g (s) 339.0 1457.0 1457.0
Actuated g/C Ratio 0.19 0.81 0.81
Clearance Time (s) 2.0
Lane Grp Cap (vph) 357 1410 1493
v/s Ratio Prot c0.01 0.14 c0.14
v/s Ratio Perm
v/c Ratio 0.06 0.18 0.18
Uniform Delay, d1 599.2 38.1 38.2
Progression Factor 0.02 1.00 1.00
Incremental Delay, d2 0.3 0.3 0.3
Delay (s) 10.8 38.4 38.5
Level of Service B D D
Approach Delay (s) 0.0 10.8 38.4 38.5
Approach LOS A B D D

Intersection Summary
HCM 2000 Control Delay 37.4 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.16
Actuated Cycle Length (s) 1800.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 23.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 0 20 0 0 1271 0 0 801 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0
Lane Util. Factor 1.00 0.95 0.95
Frt 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1900 3195 3112
Flt Permitted 1.00 1.00 1.00
Satd. Flow (perm) 1900 3195 3112
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 0 0 0 0 20 0 0 1428 0 0 900 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 0 0 0 20 0 0 1428 0 0 900 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 13% 13% 13% 16% 16% 16%
Turn Type NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 339.0 1457.0 1457.0
Effective Green, g (s) 339.0 1457.0 1457.0
Actuated g/C Ratio 0.19 0.81 0.81
Clearance Time (s) 2.0
Lane Grp Cap (vph) 357 2586 2518
v/s Ratio Prot c0.01 c0.45 0.29
v/s Ratio Perm
v/c Ratio 0.06 0.55 0.36
Uniform Delay, d1 599.2 59.1 46.0
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.9 0.4
Delay (s) 599.5 59.9 46.4
Level of Service F E D
Approach Delay (s) 0.0 599.5 59.9 46.4
Approach LOS A F E D

Intersection Summary
HCM 2000 Control Delay 59.3 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 1800.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 45.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 20 0 0 20 0 0 44 0 0 66 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.0 2.0 2.0 2.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 1.00
Flt Protected 1.00 1.00 1.00 1.00
Satd. Flow (prot) 950 950 1727 1727
Flt Permitted 1.00 1.00 1.00 1.00
Satd. Flow (perm) 950 950 1727 1727
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 0 20 0 0 20 0 0 44 0 0 66 0
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 20 0 0 20 0 0 44 0 0 66 0
Heavy Vehicles (%) 100% 100% 100% 100% 100% 100% 10% 10% 10% 10% 10% 10%
Turn Type NA NA NA NA
Protected Phases 2 2 1 3 1 3
Permitted Phases
Actuated Green, G (s) 495.0 495.0 1301.0 1301.0
Effective Green, g (s) 495.0 495.0 1301.0 1301.0
Actuated g/C Ratio 0.28 0.28 0.72 0.72
Clearance Time (s) 2.0 2.0
Lane Grp Cap (vph) 261 261 1248 1248
v/s Ratio Prot 0.02 c0.02 0.03 c0.04
v/s Ratio Perm
v/c Ratio 0.08 0.08 0.04 0.05
Uniform Delay, d1 483.2 483.2 71.0 71.9
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 0.6 0.1 0.1
Delay (s) 483.8 483.8 71.0 72.0
Level of Service F F E E
Approach Delay (s) 483.8 483.8 71.0 72.0
Approach LOS F F E E

Intersection Summary
HCM 2000 Control Delay 181.5 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.06
Actuated Cycle Length (s) 1800.0 Sum of lost time (s) 6.0
Intersection Capacity Utilization 13.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Intersection: 1: Weyerhaeuser & Industrial Way

Movement SE NW NW NE
Directions Served TR L T LR
Maximum Queue (ft) 3 54 516 150
Average Queue (ft) 0 10 35 67
95th Queue (ft) 3 37 255 122
Link Distance (ft) 116 745 745 484
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 2: Oregon Way & Industrial Way

Movement EB EB EB EB WB WB WB WB NB NB NB NB
Directions Served L T T R L L T R L T T R
Maximum Queue (ft) 222 253 265 97 297 683 952 78 278 391 616 250
Average Queue (ft) 94 117 115 4 154 201 473 49 140 177 196 137
95th Queue (ft) 179 208 215 51 254 449 894 99 234 306 431 254
Link Distance (ft) 745 1239 1239 2473
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 140 400 400 310 25 235 235 120
Storage Blk Time (%) 6 5 0 0 59 14 1 3 23 6
Queuing Penalty (veh) 23 20 0 1 95 47 4 23 197 50

Intersection: 2: Oregon Way & Industrial Way

Movement SB SB SB
Directions Served L T TR
Maximum Queue (ft) 206 259 257
Average Queue (ft) 64 180 181
95th Queue (ft) 153 274 276
Link Distance (ft) 236 236
Upstream Blk Time (%) 0 5 6
Queuing Penalty (veh) 0 16 18
Storage Bay Dist (ft) 170
Storage Blk Time (%) 0 16
Queuing Penalty (veh) 1 9
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Intersection: 4: Oregon Way & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 179 247 246 397 399
Average Queue (ft) 8 17 17 37 36
95th Queue (ft) 71 118 118 195 191
Link Distance (ft) 4581 236 236 702 702
Upstream Blk Time (%) 3 3
Queuing Penalty (veh) 11 11
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 5: Oregon Way & Alabama Street

Movement EB WB NB NB SB SB
Directions Served LTR LTR L TR L TR
Maximum Queue (ft) 114 116 77 4 50 17
Average Queue (ft) 47 43 25 0 14 1
95th Queue (ft) 93 85 60 3 41 7
Link Distance (ft) 233 852 702 887
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 175 165
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 9: California Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 137 276 240
Average Queue (ft) 5 16 13
95th Queue (ft) 48 117 102
Link Distance (ft) 464 2581 404
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 10: Industrial Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 154 554 124
Average Queue (ft) 7 41 11
95th Queue (ft) 64 269 68
Link Distance (ft) 993 2678 116
Upstream Blk Time (%) 3
Queuing Penalty (veh) 19
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 12: Industrial Way & Washington Way

Movement EB EB EB WB WB SE SE SE NW NW
Directions Served L T R L T L T R L TR
Maximum Queue (ft) 25 59 42 68 90 90 139 52 198 475
Average Queue (ft) 12 30 10 19 18 26 47 8 31 181
95th Queue (ft) 27 53 29 49 66 68 108 32 110 354
Link Distance (ft) 7 7 7 1347 1220 1630
Upstream Blk Time (%) 16 42 10
Queuing Penalty (veh) 11 31 7
Storage Bay Dist (ft) 90 210 25 160
Storage Blk Time (%) 0 1 9 1 8
Queuing Penalty (veh) 0 1 10 3 3

Intersection: 16: Columbia Ave & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 188 226 74 204 184 120 105
Average Queue (ft) 78 96 13 74 78 55 37
95th Queue (ft) 153 177 48 158 159 100 79
Link Distance (ft) 420 420 379 379 398
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 105 130
Storage Blk Time (%) 0 2 0 0
Queuing Penalty (veh) 0 0 0 0
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Intersection: 20: California Way & Industrial Way

Movement EB EB EB WB WB WB NB NB NB SB SB SB
Directions Served L T TR L T TR L T R L T R
Maximum Queue (ft) 269 505 492 79 78 73 55 20 67 164 62 163
Average Queue (ft) 136 174 185 16 20 13 9 1 15 60 3 47
95th Queue (ft) 254 393 385 51 56 46 37 10 49 125 33 104
Link Distance (ft) 843 843 237 237 684 404
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150 150 60 60 165 300
Storage Blk Time (%) 11 9 1 1 0
Queuing Penalty (veh) 53 16 0 0 0

Intersection: 22: 3rd Avenue & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 324 385 376 502 476
Average Queue (ft) 155 31 30 40 38
95th Queue (ft) 309 195 192 239 227
Link Distance (ft) 2590 370 370 1726 1726
Upstream Blk Time (%) 3 3
Queuing Penalty (veh) 15 16
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 24: Industrial Way & Douglas Street

Movement SE SW
Directions Served L LR
Maximum Queue (ft) 32 45
Average Queue (ft) 3 19
95th Queue (ft) 18 48
Link Distance (ft) 100
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 195
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 25: Douglas Street & Alder Street

Movement NW NE
Directions Served LT LR
Maximum Queue (ft) 7 44
Average Queue (ft) 0 22
95th Queue (ft) 6 50
Link Distance (ft) 681 100
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 29: Spur Line & Washington Way

Movement EB EB EB WB WB NW
Directions Served T T T T T T
Maximum Queue (ft) 114 195 112 21 30 81
Average Queue (ft) 13 38 9 1 2 3
95th Queue (ft) 66 131 50 8 14 32
Link Distance (ft) 674 674 7 7 1681
Upstream Blk Time (%) 4 5
Queuing Penalty (veh) 2 3
Storage Bay Dist (ft) 140
Storage Blk Time (%) 0 4
Queuing Penalty (veh) 0 3

Intersection: 31: Weyerhaeuser Access & Spur Line

Movement NW NE SW
Directions Served T T T
Maximum Queue (ft) 126 76 9
Average Queue (ft) 19 9 0
95th Queue (ft) 105 45 6
Link Distance (ft) 5597 313 10
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)



2018 No Action MBTL SEPA Analysis Spur Line

Queuing and Blocking Report 9/18/2015

MBTL SEPA Analysis Spur Line SimTraffic Report
DKS Associatees Page 6

Intersection: 33: Weyerhaeuser Access & Industrial Way

Movement NW NE
Directions Served L LR
Maximum Queue (ft) 22 24
Average Queue (ft) 1 19
95th Queue (ft) 12 33
Link Distance (ft) 10
Upstream Blk Time (%) 9
Queuing Penalty (veh) 5
Storage Bay Dist (ft) 80
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 37: Weyerhaeuser Access 2 & Industrial Way

Movement NE
Directions Served R
Maximum Queue (ft) 33
Average Queue (ft) 11
95th Queue (ft) 35
Link Distance (ft) 26
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 39: Industrial Way & Prudential Blvd

Movement SE SE NW NW SW
Directions Served L T T T L
Maximum Queue (ft) 14 90 84 64 111
Average Queue (ft) 1 23 28 19 48
95th Queue (ft) 8 64 69 54 87
Link Distance (ft) 2438 513 513 1261
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 170
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 41: Hoehne Avenue & Industrial Way

Movement NE
Directions Served R
Maximum Queue (ft) 32
Average Queue (ft) 10
95th Queue (ft) 35
Link Distance (ft) 26
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 45: International Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 213 237 73 225 207 59 122
Average Queue (ft) 85 97 20 74 81 21 52
95th Queue (ft) 175 187 57 167 173 51 96
Link Distance (ft) 746 746 304 304 973
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft) 150 150
Storage Blk Time (%) 1 0
Queuing Penalty (veh) 0 0

Intersection: 47: Fiber Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 236 240 114 238 240 110 195
Average Queue (ft) 142 155 43 85 106 42 99
95th Queue (ft) 237 245 89 189 210 86 166
Link Distance (ft) 208 208 295 295 975 975
Upstream Blk Time (%) 2 3 0 0
Queuing Penalty (veh) 11 16 0 0
Storage Bay Dist (ft) 150
Storage Blk Time (%) 0 1
Queuing Penalty (veh) 0 1
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Intersection: 48: Industrial Way

Movement EB WB NB SB
Directions Served T T R R
Maximum Queue (ft) 4 4 123 73
Average Queue (ft) 0 0 48 22
95th Queue (ft) 0 4 93 58
Link Distance (ft) 1239 420 236 90
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 49: 38th Avenue & Industrial Way

Movement SE SE NW NW NE NE NE SW SW
Directions Served L T L T L T R L R
Maximum Queue (ft) 48 57 23 86 13 58 28 59 45
Average Queue (ft) 12 9 2 21 1 12 2 24 16
95th Queue (ft) 36 33 11 61 7 41 16 52 42
Link Distance (ft) 1112 2438 3 3 3
Upstream Blk Time (%) 0 3 0
Queuing Penalty (veh) 0 0 0
Storage Bay Dist (ft) 115 155 150 200
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 50: Aluminum Access 1/38th Avenue & Spur Line

Movement NW NE NE NE SW
Directions Served T T T T T
Maximum Queue (ft) 240 9 49 16 10
Average Queue (ft) 14 0 3 1 0
95th Queue (ft) 101 6 25 12 6
Link Distance (ft) 5784 335 3
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft) 35 25
Storage Blk Time (%) 1 4 2
Queuing Penalty (veh) 0 0 0
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Intersection: 55: Industrial Way

Movement NB SB
Directions Served R R
Maximum Queue (ft) 48 60
Average Queue (ft) 7 22
95th Queue (ft) 32 53
Link Distance (ft) 99 87
Upstream Blk Time (%) 0 0
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 56: Industrial Way & 3rd Avenue

Movement NW NW NE NE SW SW SW
Directions Served L R T TR L T T
Maximum Queue (ft) 85 64 233 231 116 376 360
Average Queue (ft) 24 18 55 68 13 158 156
95th Queue (ft) 65 49 157 163 69 306 299
Link Distance (ft) 2710 237 237 370 370
Upstream Blk Time (%) 1 1 2 2
Queuing Penalty (veh) 6 7 6 5
Storage Bay Dist (ft) 175 250
Storage Blk Time (%) 4
Queuing Penalty (veh) 0

Intersection: 59: Industrial Way

Movement EB EB WB WB NB
Directions Served T T T TR R
Maximum Queue (ft) 138 135 15 13 128
Average Queue (ft) 15 16 1 0 52
95th Queue (ft) 77 76 15 13 99
Link Distance (ft) 304 304 208 208 118
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 61: Industrial Way

Movement SB SE
Directions Served LR L
Maximum Queue (ft) 104 30
Average Queue (ft) 40 2
95th Queue (ft) 75 15
Link Distance (ft) 1001
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 64: Industrial Way

Movement EB WB WB SB
Directions Served T T T R
Maximum Queue (ft) 14 9 98 37
Average Queue (ft) 0 0 3 13
95th Queue (ft) 10 7 92 39
Link Distance (ft) 295 843 843 88
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 69: Dike Road & Spur Line

Movement SE NW NE SW
Directions Served T T T T
Maximum Queue (ft) 559 668 115 198
Average Queue (ft) 268 294 9 18
95th Queue (ft) 563 676 59 111
Link Distance (ft) 2166 1050 476 433
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Network Summary

Network wide Queuing Penalty: 777
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Intersection: 1: Weyerhaeuser & Industrial Way

Movement SE NW NW NE
Directions Served TR L T LR
Maximum Queue (ft) 44 59 512 194
Average Queue (ft) 3 12 33 66
95th Queue (ft) 23 43 235 141
Link Distance (ft) 116 745 745 484
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 2: Oregon Way & Industrial Way

Movement EB EB EB EB WB WB WB WB NB NB NB NB
Directions Served L T T R L L T R L T T R
Maximum Queue (ft) 237 352 309 108 314 580 827 76 289 401 549 250
Average Queue (ft) 133 159 143 4 160 209 420 51 140 179 197 138
95th Queue (ft) 232 287 258 62 259 488 833 99 237 304 403 251
Link Distance (ft) 745 1239 1239 2473
Upstream Blk Time (%) 0 0
Queuing Penalty (veh) 0 1
Storage Bay Dist (ft) 140 400 400 310 25 235 235 120
Storage Blk Time (%) 15 10 0 0 1 59 15 1 3 25 8
Queuing Penalty (veh) 80 50 0 1 1 95 50 7 20 208 62

Intersection: 2: Oregon Way & Industrial Way

Movement SB SB SB
Directions Served L T TR
Maximum Queue (ft) 217 255 272
Average Queue (ft) 59 177 190
95th Queue (ft) 144 270 284
Link Distance (ft) 236 236
Upstream Blk Time (%) 0 4 6
Queuing Penalty (veh) 0 14 20
Storage Bay Dist (ft) 170
Storage Blk Time (%) 0 13
Queuing Penalty (veh) 0 8



2018 Construction (Truck Delivery) MBTL Spur Line

Queuing and Blocking Report 9/18/2015

MBTL Spur Line SimTraffic Report
DKS Associatees Page 2

Intersection: 4: Oregon Way & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 170 242 243 394 403
Average Queue (ft) 9 17 17 35 39
95th Queue (ft) 68 117 117 200 210
Link Distance (ft) 4581 236 236 702 702
Upstream Blk Time (%) 3 2
Queuing Penalty (veh) 11 11
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 5: Oregon Way & Alabama Street

Movement EB WB NB NB NB SB SB SB
Directions Served LTR LTR L T TR L T TR
Maximum Queue (ft) 122 100 74 4 4 49 4 13
Average Queue (ft) 47 41 23 0 0 13 0 1
95th Queue (ft) 89 79 57 4 3 40 5 6
Link Distance (ft) 233 852 702 702 3090 3090
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 175 165
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 9: California Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 164 314 221
Average Queue (ft) 6 16 12
95th Queue (ft) 58 125 94
Link Distance (ft) 464 2581 404
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 10: Industrial Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 149 734 121
Average Queue (ft) 8 53 11
95th Queue (ft) 68 356 65
Link Distance (ft) 993 2678 116
Upstream Blk Time (%) 4
Queuing Penalty (veh) 19
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 12: Industrial Way & Washington Way

Movement EB EB EB WB WB WB SE SE SE NW NW
Directions Served L T R L T R L T R L TR
Maximum Queue (ft) 48 64 39 72 75 5 199 255 54 211 516
Average Queue (ft) 12 32 10 21 15 0 61 81 9 31 196
95th Queue (ft) 32 55 29 53 49 5 147 186 37 105 379
Link Distance (ft) 7 7 7 1347 1347 1220 1630
Upstream Blk Time (%) 15 52 11
Queuing Penalty (veh) 11 38 8
Storage Bay Dist (ft) 90 210 25 160
Storage Blk Time (%) 0 0 0 15 1 10
Queuing Penalty (veh) 0 0 2 24 4 3

Intersection: 16: Columbia Ave & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 208 240 86 189 196 130 98
Average Queue (ft) 83 101 16 73 80 55 38
95th Queue (ft) 163 186 58 155 160 101 80
Link Distance (ft) 420 420 379 379 398
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 105 130
Storage Blk Time (%) 0 2 0 0
Queuing Penalty (veh) 1 0 0 0
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Intersection: 20: California Way & Industrial Way

Movement EB EB EB WB WB WB NB NB NB SB SB SB
Directions Served L T TR L T TR L T R L T R
Maximum Queue (ft) 267 554 569 96 88 87 67 17 61 162 25 155
Average Queue (ft) 127 202 213 18 21 13 12 1 15 56 2 48
95th Queue (ft) 239 422 428 59 62 52 48 10 48 121 15 104
Link Distance (ft) 843 843 237 237 684 404
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150 150 60 60 165 300
Storage Blk Time (%) 9 12 0 0 1 0 0
Queuing Penalty (veh) 43 21 0 0 0 0 0

Intersection: 22: 3rd Avenue & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 312 377 376 545 562
Average Queue (ft) 149 31 31 46 48
95th Queue (ft) 313 192 192 266 278
Link Distance (ft) 2590 370 370 3244 3244
Upstream Blk Time (%) 3 3
Queuing Penalty (veh) 18 18
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 24: Industrial Way & Douglas Street

Movement SE SW
Directions Served L LR
Maximum Queue (ft) 32 56
Average Queue (ft) 4 21
95th Queue (ft) 21 51
Link Distance (ft) 100
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 195
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 25: Douglas Street & Alder Street

Movement NW NE
Directions Served LT LR
Maximum Queue (ft) 3 44
Average Queue (ft) 0 23
95th Queue (ft) 3 50
Link Distance (ft) 681 100
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 29: Spur Line & Washington Way

Movement EB EB EB WB WB NW
Directions Served T T T T T T
Maximum Queue (ft) 119 216 89 22 32 96
Average Queue (ft) 13 50 9 1 2 6
95th Queue (ft) 71 167 45 9 16 53
Link Distance (ft) 1874 1874 7 7 1681
Upstream Blk Time (%) 5 4
Queuing Penalty (veh) 3 2
Storage Bay Dist (ft) 140
Storage Blk Time (%) 0 6
Queuing Penalty (veh) 0 4

Intersection: 31: Weyerhaeuser Access & Spur Line

Movement NW NE SW
Directions Served T T T
Maximum Queue (ft) 146 94 8
Average Queue (ft) 21 11 0
95th Queue (ft) 109 52 5
Link Distance (ft) 5597 313 10
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 33: Weyerhaeuser Access & Industrial Way

Movement NW NE
Directions Served L LR
Maximum Queue (ft) 30 26
Average Queue (ft) 1 19
95th Queue (ft) 13 33
Link Distance (ft) 10
Upstream Blk Time (%) 11
Queuing Penalty (veh) 7
Storage Bay Dist (ft) 80
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 37: Weyerhaeuser Access 2 & Industrial Way

Movement NE
Directions Served R
Maximum Queue (ft) 35
Average Queue (ft) 12
95th Queue (ft) 37
Link Distance (ft) 26
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 39: Industrial Way & Prudential Blvd

Movement SE SE NW NW SW
Directions Served L T T T L
Maximum Queue (ft) 12 112 102 79 114
Average Queue (ft) 1 38 32 22 50
95th Queue (ft) 7 89 75 61 89
Link Distance (ft) 2438 513 513 1261
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 170
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 41: Hoehne Avenue & Industrial Way

Movement NE
Directions Served R
Maximum Queue (ft) 35
Average Queue (ft) 10
95th Queue (ft) 35
Link Distance (ft) 26
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 45: International Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 224 229 98 214 208 69 113
Average Queue (ft) 89 102 22 78 84 21 51
95th Queue (ft) 188 199 70 174 176 56 91
Link Distance (ft) 746 746 304 304 973
Upstream Blk Time (%) 0 0
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 150 150
Storage Blk Time (%) 0 1 0
Queuing Penalty (veh) 0 0 0

Intersection: 47: Fiber Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 232 238 148 237 272 124 219
Average Queue (ft) 151 166 50 92 112 41 104
95th Queue (ft) 245 253 110 205 226 94 180
Link Distance (ft) 208 208 295 295 975 975
Upstream Blk Time (%) 3 4 0 0
Queuing Penalty (veh) 16 22 0 0
Storage Bay Dist (ft) 150
Storage Blk Time (%) 0 2
Queuing Penalty (veh) 1 1
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Intersection: 48: Industrial Way

Movement WB WB NB SB
Directions Served T T R R
Maximum Queue (ft) 7 7 126 65
Average Queue (ft) 1 1 49 24
95th Queue (ft) 9 11 95 60
Link Distance (ft) 420 420 236 90
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 49: 38th Avenue & Industrial Way

Movement SE SE NW NW NE NE NE SW SW
Directions Served L T L T L T R L R
Maximum Queue (ft) 46 75 23 93 39 35 85 59 49
Average Queue (ft) 12 14 2 28 5 4 21 25 18
95th Queue (ft) 36 48 12 75 24 20 67 53 45
Link Distance (ft) 2312 2438 3 3 3
Upstream Blk Time (%) 1 1 9
Queuing Penalty (veh) 1 1 7
Storage Bay Dist (ft) 115 155 150 200
Storage Blk Time (%) 0 0
Queuing Penalty (veh) 0 0

Intersection: 50: Aluminum Access 1/38th Avenue & Spur Line

Movement NW NE NE NE SW
Directions Served T T T T T
Maximum Queue (ft) 261 17 1487 83 13
Average Queue (ft) 17 1 845 44 1
95th Queue (ft) 117 12 1947 82 8
Link Distance (ft) 5784 1565 3
Upstream Blk Time (%) 36 1
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 35 25
Storage Blk Time (%) 12 72
Queuing Penalty (veh) 19 114
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Intersection: 55: Industrial Way

Movement NB SB
Directions Served R R
Maximum Queue (ft) 45 61
Average Queue (ft) 8 22
95th Queue (ft) 32 52
Link Distance (ft) 99 87
Upstream Blk Time (%) 0 0
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 56: Industrial Way & 3rd Avenue

Movement NW NW NE NE SW SW SW
Directions Served L R T TR L T T
Maximum Queue (ft) 88 71 245 245 126 368 366
Average Queue (ft) 24 17 67 73 16 154 162
95th Queue (ft) 65 49 170 173 74 301 307
Link Distance (ft) 2710 237 237 370 370
Upstream Blk Time (%) 2 2 2 2
Queuing Penalty (veh) 9 10 6 6
Storage Bay Dist (ft) 175 250
Storage Blk Time (%) 4
Queuing Penalty (veh) 0

Intersection: 59: Industrial Way

Movement EB EB WB WB NB
Directions Served T T T TR R
Maximum Queue (ft) 174 170 4 6 144
Average Queue (ft) 20 25 0 0 55
95th Queue (ft) 98 103 4 8 115
Link Distance (ft) 304 304 208 208 118
Upstream Blk Time (%) 0 4
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 61: Industrial Way

Movement SB SE
Directions Served LR L
Maximum Queue (ft) 108 30
Average Queue (ft) 44 2
95th Queue (ft) 88 15
Link Distance (ft) 1001
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 64: Industrial Way

Movement WB SB
Directions Served T R
Maximum Queue (ft) 8 39
Average Queue (ft) 0 11
95th Queue (ft) 10 36
Link Distance (ft) 843 88
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 69: Dike Road & Spur Line

Movement SE NW NE SW
Directions Served T T T T
Maximum Queue (ft) 560 527 101 147
Average Queue (ft) 257 215 8 12
95th Queue (ft) 540 476 51 81
Link Distance (ft) 2167 1049 673 625
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Network Summary

Network wide Queuing Penalty: 1081



2018 Construction (Rail Delivery) MBTL Spur Line

Queuing and Blocking Report 9/18/2015

MBTL Spur Line SimTraffic Report
DKS Associatees Page 1

Intersection: 1: Weyerhaeuser & Industrial Way

Movement SE NW NW NE
Directions Served TR L T LR
Maximum Queue (ft) 29 104 534 293
Average Queue (ft) 2 15 56 92
95th Queue (ft) 14 67 302 247
Link Distance (ft) 116 745 745 484
Upstream Blk Time (%) 0 2
Queuing Penalty (veh) 1 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 2: Oregon Way & Industrial Way

Movement EB EB EB EB WB WB WB WB NB NB NB NB
Directions Served L T T R L L T R L T T R
Maximum Queue (ft) 239 450 370 203 365 1275 1284 78 384 535 3436 250
Average Queue (ft) 136 152 128 13 166 570 809 53 162 240 606 148
95th Queue (ft) 244 338 279 103 310 1369 1526 98 320 450 2236 289
Link Distance (ft) 745 1239 1239 3651
Upstream Blk Time (%) 6 15 2
Queuing Penalty (veh) 24 64 0
Storage Bay Dist (ft) 140 400 400 310 25 235 235 120
Storage Blk Time (%) 23 7 0 1 3 57 22 4 15 35 10
Queuing Penalty (veh) 105 31 0 2 5 92 73 26 95 294 79

Intersection: 2: Oregon Way & Industrial Way

Movement SB SB SB
Directions Served L T TR
Maximum Queue (ft) 224 263 265
Average Queue (ft) 65 180 186
95th Queue (ft) 163 316 322
Link Distance (ft) 236 236
Upstream Blk Time (%) 0 17 19
Queuing Penalty (veh) 0 56 64
Storage Bay Dist (ft) 170
Storage Blk Time (%) 0 27
Queuing Penalty (veh) 1 15



2018 Construction (Rail Delivery) MBTL Spur Line

Queuing and Blocking Report 9/18/2015

MBTL Spur Line SimTraffic Report
DKS Associatees Page 2

Intersection: 4: Oregon Way & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 112 246 246 717 718
Average Queue (ft) 7 41 41 210 216
95th Queue (ft) 48 189 190 662 670
Link Distance (ft) 4581 236 236 702 702
Upstream Blk Time (%) 11 11 7 7
Queuing Penalty (veh) 48 50 22 24
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 5: Oregon Way & Alabama Street

Movement EB WB NB NB SB SB SB
Directions Served LTR LTR L TR L T TR
Maximum Queue (ft) 150 126 92 13 127 492 509
Average Queue (ft) 53 45 24 0 15 40 44
95th Queue (ft) 120 95 66 8 69 235 250
Link Distance (ft) 233 852 702 3149 3149
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft) 175 165
Storage Blk Time (%) 4
Queuing Penalty (veh) 1

Intersection: 9: California Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 156 939 315
Average Queue (ft) 6 129 56
95th Queue (ft) 56 600 247
Link Distance (ft) 464 2581 404
Upstream Blk Time (%) 1
Queuing Penalty (veh) 2
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 10: Industrial Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 103 1950 120
Average Queue (ft) 6 251 19
95th Queue (ft) 50 1216 88
Link Distance (ft) 993 2678 116
Upstream Blk Time (%) 12
Queuing Penalty (veh) 68
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 12: Industrial Way & Washington Way

Movement EB EB EB WB WB SE SE SE NW NW
Directions Served L T R L T L T R L TR
Maximum Queue (ft) 34 60 50 137 236 271 416 50 212 574
Average Queue (ft) 11 27 10 25 38 80 96 10 42 214
95th Queue (ft) 29 55 31 78 157 217 319 37 144 562
Link Distance (ft) 7 7 7 1347 1220 1630
Upstream Blk Time (%) 17 47 12 0
Queuing Penalty (veh) 12 34 9 1
Storage Bay Dist (ft) 90 210 25 160
Storage Blk Time (%) 1 8 4 13 6 3 12
Queuing Penalty (veh) 0 4 15 22 29 15 4

Intersection: 16: Columbia Ave & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 211 240 98 252 264 130 107
Average Queue (ft) 78 100 16 92 99 57 42
95th Queue (ft) 163 196 73 240 247 108 88
Link Distance (ft) 420 420 379 379 398
Upstream Blk Time (%) 2 2
Queuing Penalty (veh) 7 7
Storage Bay Dist (ft) 105 130
Storage Blk Time (%) 6 0 0
Queuing Penalty (veh) 1 0 0
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Intersection: 20: California Way & Industrial Way

Movement EB EB EB WB WB WB NB NB NB SB SB SB
Directions Served L T TR L T TR L T R L T R
Maximum Queue (ft) 275 862 877 77 102 94 74 46 83 201 343 334
Average Queue (ft) 177 490 498 15 17 12 11 2 18 55 18 54
95th Queue (ft) 343 1018 1022 52 62 54 46 25 58 136 148 168
Link Distance (ft) 843 843 237 237 684 404
Upstream Blk Time (%) 14 15 0 0
Queuing Penalty (veh) 78 81 0 0
Storage Bay Dist (ft) 150 150 60 60 165 300
Storage Blk Time (%) 38 30 0 0 0 3 1 1
Queuing Penalty (veh) 181 51 0 0 0 0 2 0

Intersection: 22: 3rd Avenue & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 265 374 379 1575 1569
Average Queue (ft) 102 69 70 362 363
95th Queue (ft) 241 303 306 1224 1228
Link Distance (ft) 2590 370 370 3309 3309
Upstream Blk Time (%) 14 14
Queuing Penalty (veh) 70 74
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 24: Industrial Way & Douglas Street

Movement SE NW SW
Directions Served L TR LR
Maximum Queue (ft) 33 14 54
Average Queue (ft) 4 0 20
95th Queue (ft) 20 14 50
Link Distance (ft) 2660 100
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 195
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 25: Douglas Street & Alder Street

Movement NW NE
Directions Served LT LR
Maximum Queue (ft) 12 52
Average Queue (ft) 1 23
95th Queue (ft) 8 51
Link Distance (ft) 681 100
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 29: Spur Line & Washington Way

Movement EB EB EB WB WB NW
Directions Served T T T T T T
Maximum Queue (ft) 190 548 282 26 47 101
Average Queue (ft) 37 142 41 3 5 5
95th Queue (ft) 144 453 186 15 28 51
Link Distance (ft) 2483 2483 7 7 1681
Upstream Blk Time (%) 15 14
Queuing Penalty (veh) 8 8
Storage Bay Dist (ft) 140
Storage Blk Time (%) 2 28
Queuing Penalty (veh) 1 19

Intersection: 31: Weyerhaeuser Access & Spur Line

Movement NW NE SW
Directions Served T T T
Maximum Queue (ft) 93 195 26
Average Queue (ft) 6 30 2
95th Queue (ft) 45 131 13
Link Distance (ft) 5597 313 10
Upstream Blk Time (%) 0 7
Queuing Penalty (veh) 0 1
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 33: Weyerhaeuser Access & Industrial Way

Movement NW NW NE
Directions Served L T LR
Maximum Queue (ft) 18 30 24
Average Queue (ft) 1 2 17
95th Queue (ft) 8 40 33
Link Distance (ft) 466 10
Upstream Blk Time (%) 11
Queuing Penalty (veh) 6
Storage Bay Dist (ft) 80
Storage Blk Time (%) 0
Queuing Penalty (veh) 0

Intersection: 37: Weyerhaeuser Access 2 & Industrial Way

Movement NE
Directions Served R
Maximum Queue (ft) 34
Average Queue (ft) 12
95th Queue (ft) 38
Link Distance (ft) 26
Upstream Blk Time (%) 2
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 39: Industrial Way & Prudential Blvd

Movement SE NW NW SW
Directions Served T T T L
Maximum Queue (ft) 104 84 75 111
Average Queue (ft) 33 26 20 51
95th Queue (ft) 81 65 57 89
Link Distance (ft) 2438 513 513 1261
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 41: Hoehne Avenue & Industrial Way

Movement NE
Directions Served R
Maximum Queue (ft) 33
Average Queue (ft) 10
95th Queue (ft) 34
Link Distance (ft) 26
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 45: International Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 597 608 81 254 274 214 192
Average Queue (ft) 148 158 20 81 88 36 61
95th Queue (ft) 426 439 59 192 205 138 130
Link Distance (ft) 746 746 304 304 973
Upstream Blk Time (%) 1 1 0 0
Queuing Penalty (veh) 5 5 0 1
Storage Bay Dist (ft) 150 150
Storage Blk Time (%) 2 2 1
Queuing Penalty (veh) 0 2 0

Intersection: 47: Fiber Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 239 245 139 294 303 114 603
Average Queue (ft) 171 180 46 97 117 43 165
95th Queue (ft) 263 267 112 234 260 89 412
Link Distance (ft) 208 208 295 295 975 975
Upstream Blk Time (%) 17 19 0 0
Queuing Penalty (veh) 83 92 1 1
Storage Bay Dist (ft) 150
Storage Blk Time (%) 1 3
Queuing Penalty (veh) 2 1
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Intersection: 48: Industrial Way

Movement WB WB NB SB
Directions Served T T R R
Maximum Queue (ft) 345 363 123 111
Average Queue (ft) 77 88 50 35
95th Queue (ft) 312 333 97 90
Link Distance (ft) 420 420 236 90
Upstream Blk Time (%) 2 2 9
Queuing Penalty (veh) 9 9 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 49: 38th Avenue & Industrial Way

Movement SE SE NW NW NE NE NE SW SW
Directions Served L T L T L T R L R
Maximum Queue (ft) 57 85 30 115 33 39 84 57 42
Average Queue (ft) 13 16 3 27 5 6 19 25 15
95th Queue (ft) 40 56 17 77 24 27 65 53 41
Link Distance (ft) 2262 2438 3 3 3
Upstream Blk Time (%) 2 2 10
Queuing Penalty (veh) 1 1 7
Storage Bay Dist (ft) 115 155 150 200
Storage Blk Time (%) 0 0
Queuing Penalty (veh) 0 0

Intersection: 50: Aluminum Access 1/38th Avenue & Spur Line

Movement NW NE NE NE SW
Directions Served T T T T T
Maximum Queue (ft) 267 39 2030 82 20
Average Queue (ft) 17 2 1073 42 2
95th Queue (ft) 117 22 2479 79 12
Link Distance (ft) 5784 2279 3
Upstream Blk Time (%) 18 9
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 35 25
Storage Blk Time (%) 1 9 74
Queuing Penalty (veh) 2 12 97
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Intersection: 55: Industrial Way

Movement EB EB WB WB NB SB
Directions Served T T T T R R
Maximum Queue (ft) 48 39 53 52 49 69
Average Queue (ft) 3 3 9 9 7 25
95th Queue (ft) 40 34 99 102 33 60
Link Distance (ft) 379 379 746 746 99 87
Upstream Blk Time (%) 0 2
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 56: Industrial Way & 3rd Avenue

Movement NW NW NE NE SW SW SW
Directions Served L R T TR L T T
Maximum Queue (ft) 94 118 246 244 214 399 395
Average Queue (ft) 25 27 102 110 26 186 188
95th Queue (ft) 69 85 232 231 130 405 406
Link Distance (ft) 2710 237 237 370 370
Upstream Blk Time (%) 13 12 11 12
Queuing Penalty (veh) 65 63 36 37
Storage Bay Dist (ft) 175 250
Storage Blk Time (%) 0 1 16
Queuing Penalty (veh) 0 0 2

Intersection: 59: Industrial Way

Movement EB EB WB WB NB
Directions Served T T T TR R
Maximum Queue (ft) 319 322 21 23 174
Average Queue (ft) 89 95 1 1 75
95th Queue (ft) 293 297 16 20 151
Link Distance (ft) 304 304 208 208 118
Upstream Blk Time (%) 8 9 21
Queuing Penalty (veh) 36 41 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 61: Industrial Way

Movement SB SE NW
Directions Served LR L TR
Maximum Queue (ft) 87 30 6
Average Queue (ft) 41 2 0
95th Queue (ft) 73 14 6
Link Distance (ft) 1001 2678
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 64: Industrial Way

Movement EB EB WB WB SB
Directions Served T TR T T R
Maximum Queue (ft) 303 316 26 130 40
Average Queue (ft) 84 89 1 6 11
95th Queue (ft) 289 301 12 96 36
Link Distance (ft) 295 295 843 843 88
Upstream Blk Time (%) 9 10
Queuing Penalty (veh) 51 54
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 69: Dike Road & Spur Line

Movement SE NW NE SW
Directions Served T T T T
Maximum Queue (ft) 602 597 188 232
Average Queue (ft) 242 254 17 23
95th Queue (ft) 584 576 98 128
Link Distance (ft) 2167 1049 673 625
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Network Summary

Network wide Queuing Penalty: 2702
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Intersection: 1: Weyerhaeuser & Industrial Way

Movement SE NW NW NE
Directions Served TR L T LR
Maximum Queue (ft) 11 42 547 174
Average Queue (ft) 0 10 38 66
95th Queue (ft) 7 34 269 132
Link Distance (ft) 116 745 745 484
Upstream Blk Time (%) 0
Queuing Penalty (veh) 1
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 2: Oregon Way & Industrial Way

Movement EB EB EB EB WB WB WB WB NB NB NB NB
Directions Served L T T R L L T R L T T R
Maximum Queue (ft) 204 229 234 245 337 1285 1283 80 366 514 975 250
Average Queue (ft) 101 114 109 16 185 1044 1206 56 199 240 274 177
95th Queue (ft) 176 202 201 110 302 1604 1440 102 344 408 644 294
Link Distance (ft) 745 1239 1239 2473
Upstream Blk Time (%) 16 42
Queuing Penalty (veh) 81 217
Storage Bay Dist (ft) 140 400 400 310 25 235 235 120
Storage Blk Time (%) 5 6 0 1 64 19 9 8 32 12
Queuing Penalty (veh) 24 28 1 3 145 76 77 67 331 114

Intersection: 2: Oregon Way & Industrial Way

Movement SB SB SB
Directions Served L T TR
Maximum Queue (ft) 236 273 278
Average Queue (ft) 77 232 233
95th Queue (ft) 195 293 297
Link Distance (ft) 236 236
Upstream Blk Time (%) 0 27 29
Queuing Penalty (veh) 0 108 119
Storage Bay Dist (ft) 170
Storage Blk Time (%) 0 43
Queuing Penalty (veh) 2 25
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Intersection: 4: Oregon Way & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 155 247 243 528 557
Average Queue (ft) 9 17 17 137 148
95th Queue (ft) 71 118 117 414 432
Link Distance (ft) 4581 236 236 702 702
Upstream Blk Time (%) 3 3 0
Queuing Penalty (veh) 14 15 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 5: Oregon Way & Alabama Street

Movement EB WB NB NB NB SB SB SB
Directions Served LTR LTR L T TR L T TR
Maximum Queue (ft) 167 137 84 3 8 54 6 16
Average Queue (ft) 58 51 30 0 0 16 0 1
95th Queue (ft) 128 103 64 3 4 45 6 7
Link Distance (ft) 233 852 702 702 3034 3034
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft) 175 165
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 9: California Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 170 377 219
Average Queue (ft) 7 20 12
95th Queue (ft) 62 154 94
Link Distance (ft) 464 2581 404
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 10: Industrial Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 135 704 123
Average Queue (ft) 7 52 11
95th Queue (ft) 56 346 69
Link Distance (ft) 993 2678 116
Upstream Blk Time (%) 4
Queuing Penalty (veh) 24
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 12: Industrial Way & Washington Way

Movement EB EB EB WB WB SE SE SE NW NW
Directions Served L T R L T L T R L TR
Maximum Queue (ft) 36 68 41 70 75 115 194 48 177 568
Average Queue (ft) 13 36 11 21 18 35 58 12 32 203
95th Queue (ft) 31 57 30 53 55 90 144 42 110 455
Link Distance (ft) 7 7 7 1347 1220 1630
Upstream Blk Time (%) 21 56 11
Queuing Penalty (veh) 19 48 10
Storage Bay Dist (ft) 90 210 25 160
Storage Blk Time (%) 0 0 0 12 1 11
Queuing Penalty (veh) 0 0 0 14 4 4

Intersection: 16: Columbia Ave & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 270 286 144 391 392 185 150
Average Queue (ft) 109 121 18 180 192 74 55
95th Queue (ft) 209 217 88 394 403 145 113
Link Distance (ft) 420 420 379 379 398
Upstream Blk Time (%) 8 9
Queuing Penalty (veh) 34 39
Storage Bay Dist (ft) 105 130
Storage Blk Time (%) 0 24 3 0
Queuing Penalty (veh) 0 3 3 1
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Intersection: 20: California Way & Industrial Way

Movement EB EB EB WB WB WB NB NB NB SB SB SB
Directions Served L T TR L T TR L T R L T R
Maximum Queue (ft) 275 837 844 82 131 115 72 60 94 144 76 239
Average Queue (ft) 185 366 387 12 18 14 13 7 28 45 13 62
95th Queue (ft) 319 737 753 49 70 59 53 36 74 104 51 146
Link Distance (ft) 843 843 237 237 684 404
Upstream Blk Time (%) 2 2
Queuing Penalty (veh) 11 13
Storage Bay Dist (ft) 150 150 60 60 165 300
Storage Blk Time (%) 24 28 0 0 1 0 2 0 0
Queuing Penalty (veh) 137 47 0 0 0 0 0 0 0

Intersection: 22: 3rd Avenue & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 330 371 381 646 651
Average Queue (ft) 150 32 33 64 68
95th Queue (ft) 305 197 201 329 341
Link Distance (ft) 2590 370 370 2875 2875
Upstream Blk Time (%) 3 4
Queuing Penalty (veh) 20 24
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 24: Industrial Way & Douglas Street

Movement SE SW
Directions Served L LR
Maximum Queue (ft) 35 65
Average Queue (ft) 4 29
95th Queue (ft) 22 58
Link Distance (ft) 100
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 195
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 25: Douglas Street & Alder Street

Movement NW NE
Directions Served LT LR
Maximum Queue (ft) 16 66
Average Queue (ft) 1 30
95th Queue (ft) 10 55
Link Distance (ft) 681 100
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 29: Spur Line & Washington Way

Movement EB EB EB WB WB NW
Directions Served T T T T T T
Maximum Queue (ft) 169 316 120 34 27 73
Average Queue (ft) 26 87 11 2 1 4
95th Queue (ft) 116 261 56 15 14 31
Link Distance (ft) 1764 1764 7 7 1681
Upstream Blk Time (%) 4 4
Queuing Penalty (veh) 3 2
Storage Bay Dist (ft) 140
Storage Blk Time (%) 16
Queuing Penalty (veh) 14

Intersection: 31: Weyerhaeuser Access & Spur Line

Movement NW NE SW
Directions Served T T T
Maximum Queue (ft) 77 73 10
Average Queue (ft) 10 14 1
95th Queue (ft) 62 50 7
Link Distance (ft) 5597 313 10
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 33: Weyerhaeuser Access & Industrial Way

Movement NW NE
Directions Served L LR
Maximum Queue (ft) 30 30
Average Queue (ft) 2 21
95th Queue (ft) 16 33
Link Distance (ft) 10
Upstream Blk Time (%) 12
Queuing Penalty (veh) 9
Storage Bay Dist (ft) 80
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 37: Weyerhaeuser Access 2 & Industrial Way

Movement
Directions Served
Maximum Queue (ft)
Average Queue (ft)
95th Queue (ft)
Link Distance (ft)
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 39: Industrial Way & Prudential Blvd

Movement SE SE NW NW SW
Directions Served L T T T L
Maximum Queue (ft) 12 97 86 74 107
Average Queue (ft) 0 30 29 19 50
95th Queue (ft) 6 76 70 55 89
Link Distance (ft) 2438 513 513 1261
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 170
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 41: Hoehne Avenue & Industrial Way

Movement NE
Directions Served R
Maximum Queue (ft) 35
Average Queue (ft) 10
95th Queue (ft) 34
Link Distance (ft) 26
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 45: International Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 345 351 112 278 284 92 138
Average Queue (ft) 131 139 22 120 130 27 70
95th Queue (ft) 264 273 76 245 259 69 118
Link Distance (ft) 746 746 304 304 973
Upstream Blk Time (%) 1 1
Queuing Penalty (veh) 6 6
Storage Bay Dist (ft) 150 150
Storage Blk Time (%) 5 0 0
Queuing Penalty (veh) 1 0 0

Intersection: 47: Fiber Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 245 248 134 287 294 123 238
Average Queue (ft) 177 186 43 116 140 48 123
95th Queue (ft) 265 268 96 244 267 99 204
Link Distance (ft) 208 208 295 295 975 975
Upstream Blk Time (%) 10 11 0 0
Queuing Penalty (veh) 58 67 0 1
Storage Bay Dist (ft) 150
Storage Blk Time (%) 0 4
Queuing Penalty (veh) 1 2
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Intersection: 48: Industrial Way

Movement EB WB WB NB SB
Directions Served T T T R R
Maximum Queue (ft) 8 464 444 168 60
Average Queue (ft) 0 248 270 65 9
95th Queue (ft) 2 557 554 125 47
Link Distance (ft) 1239 420 420 236 90
Upstream Blk Time (%) 11 12 0 3
Queuing Penalty (veh) 55 59 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 49: 38th Avenue & Industrial Way

Movement SE SE NW NW NW NE NE NE SW SW
Directions Served L T L T R L T R L R
Maximum Queue (ft) 56 64 23 102 3 3 52 48 66 48
Average Queue (ft) 13 10 2 26 0 0 13 4 28 19
95th Queue (ft) 39 38 13 72 3 3 41 23 56 44
Link Distance (ft) 2365 2438 2438 3 3 3
Upstream Blk Time (%) 0 3 0
Queuing Penalty (veh) 0 0 0
Storage Bay Dist (ft) 115 155 150 200
Storage Blk Time (%) 0 0
Queuing Penalty (veh) 0 0

Intersection: 50: Aluminum Access 1/38th Avenue & Spur Line

Movement NW NE NE SW
Directions Served T T T T
Maximum Queue (ft) 289 60 22 22
Average Queue (ft) 19 5 1 1
95th Queue (ft) 129 30 14 10
Link Distance (ft) 5784 1935 3
Upstream Blk Time (%) 3
Queuing Penalty (veh) 0
Storage Bay Dist (ft) 25
Storage Blk Time (%) 8 2
Queuing Penalty (veh) 1 0
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Intersection: 55: Industrial Way

Movement WB WB NB SB
Directions Served T T R R
Maximum Queue (ft) 256 271 78 46
Average Queue (ft) 59 63 22 10
95th Queue (ft) 332 339 57 37
Link Distance (ft) 746 746 99 87
Upstream Blk Time (%) 1 1 0 0
Queuing Penalty (veh) 5 6 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 56: Industrial Way & 3rd Avenue

Movement NW NW NE NE SW SW SW
Directions Served L R T TR L T T
Maximum Queue (ft) 84 73 247 250 188 394 394
Average Queue (ft) 27 20 101 112 21 225 234
95th Queue (ft) 71 53 205 212 97 390 392
Link Distance (ft) 2710 237 237 370 370
Upstream Blk Time (%) 3 3 4 5
Queuing Penalty (veh) 18 16 15 18
Storage Bay Dist (ft) 175 250
Storage Blk Time (%) 10
Queuing Penalty (veh) 1

Intersection: 59: Industrial Way

Movement EB EB WB WB NB
Directions Served T T T TR R
Maximum Queue (ft) 273 285 31 39 106
Average Queue (ft) 60 70 7 7 28
95th Queue (ft) 196 215 64 64 81
Link Distance (ft) 304 304 208 208 118
Upstream Blk Time (%) 0 0 0 0 1
Queuing Penalty (veh) 1 2 1 1 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 61: Industrial Way

Movement SB SE
Directions Served LR L
Maximum Queue (ft) 115 31
Average Queue (ft) 47 3
95th Queue (ft) 90 16
Link Distance (ft) 1001
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 64: Industrial Way

Movement EB EB WB WB SB
Directions Served T TR T T R
Maximum Queue (ft) 195 197 29 81 29
Average Queue (ft) 17 18 1 4 3
95th Queue (ft) 118 124 17 36 17
Link Distance (ft) 295 295 843 843 88
Upstream Blk Time (%) 0 0
Queuing Penalty (veh) 2 2
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 69: Dike Road & Spur Line

Movement SE NW NE SW
Directions Served T T T T
Maximum Queue (ft) 596 582 103 176
Average Queue (ft) 268 273 8 14
95th Queue (ft) 583 633 51 89
Link Distance (ft) 2167 1051 566 491
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Network Summary

Network wide Queuing Penalty: 2279
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Intersection: 1: Weyerhaeuser & Industrial Way

Movement SE NW NW NE
Directions Served TR L T LR
Maximum Queue (ft) 15 146 631 272
Average Queue (ft) 2 18 78 80
95th Queue (ft) 24 80 385 203
Link Distance (ft) 116 745 745 484
Upstream Blk Time (%) 0 0
Queuing Penalty (veh) 1 1
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 2: Oregon Way & Industrial Way

Movement EB EB EB EB WB WB WB WB NB NB NB NB
Directions Served L T T R L L T R L T T R
Maximum Queue (ft) 239 400 374 298 360 1289 1276 76 371 523 2511 250
Average Queue (ft) 133 146 131 31 181 1016 1163 55 212 303 633 194
95th Queue (ft) 239 352 302 161 333 1679 1519 101 387 489 1909 331
Link Distance (ft) 745 1239 1239 2473
Upstream Blk Time (%) 0 23 46 9
Queuing Penalty (veh) 2 119 238 0
Storage Bay Dist (ft) 140 400 400 310 25 235 235 120
Storage Blk Time (%) 21 6 0 1 2 58 25 15 19 43 18
Queuing Penalty (veh) 100 29 0 2 4 132 98 126 153 440 169

Intersection: 2: Oregon Way & Industrial Way

Movement SB SB SB
Directions Served L T TR
Maximum Queue (ft) 236 275 273
Average Queue (ft) 75 220 219
95th Queue (ft) 204 351 349
Link Distance (ft) 236 236
Upstream Blk Time (%) 0 46 47
Queuing Penalty (veh) 0 187 193
Storage Bay Dist (ft) 170
Storage Blk Time (%) 1 57
Queuing Penalty (veh) 2 33
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Intersection: 4: Oregon Way & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 108 244 245 725 731
Average Queue (ft) 9 41 41 482 489
95th Queue (ft) 62 189 190 937 937
Link Distance (ft) 4581 236 236 702 702
Upstream Blk Time (%) 12 12 29 30
Queuing Penalty (veh) 63 63 115 119
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 5: Oregon Way & Alabama Street

Movement EB WB NB NB NB SB SB SB
Directions Served LTR LTR L T TR L T TR
Maximum Queue (ft) 251 579 111 2 5 290 1018 1037
Average Queue (ft) 131 173 35 0 0 49 293 308
95th Queue (ft) 270 557 87 2 2 208 853 881
Link Distance (ft) 233 852 702 702 3073 3073
Upstream Blk Time (%) 25 2
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 175 165
Storage Blk Time (%) 0 32
Queuing Penalty (veh) 0 10

Intersection: 9: California Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 126 1046 297
Average Queue (ft) 5 148 53
95th Queue (ft) 47 666 232
Link Distance (ft) 464 2581 404
Upstream Blk Time (%) 1
Queuing Penalty (veh) 2
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 10: Industrial Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 80 1938 124
Average Queue (ft) 4 255 20
95th Queue (ft) 34 1203 94
Link Distance (ft) 993 2678 116
Upstream Blk Time (%) 13
Queuing Penalty (veh) 85
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 12: Industrial Way & Washington Way

Movement EB EB EB WB WB WB SE SE SE NW NW
Directions Served L T R L T R L T R L TR
Maximum Queue (ft) 41 74 44 142 337 2 214 457 49 218 481
Average Queue (ft) 12 31 11 28 59 0 52 105 12 57 210
95th Queue (ft) 31 62 31 94 233 2 153 416 39 178 471
Link Distance (ft) 7 7 7 1347 1347 1220 1630
Upstream Blk Time (%) 20 55 11 0
Queuing Penalty (veh) 17 47 10 0
Storage Bay Dist (ft) 90 210 25 160
Storage Blk Time (%) 1 12 0 14 8 5 11
Queuing Penalty (veh) 0 7 0 18 34 26 4

Intersection: 16: Columbia Ave & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 330 352 204 432 421 267 198
Average Queue (ft) 140 155 24 257 261 99 57
95th Queue (ft) 284 306 112 514 510 209 129
Link Distance (ft) 420 420 379 379 398
Upstream Blk Time (%) 1 1 26 27 0
Queuing Penalty (veh) 4 5 116 122 0
Storage Bay Dist (ft) 105 130
Storage Blk Time (%) 0 41 9 1
Queuing Penalty (veh) 0 5 8 1
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Intersection: 20: California Way & Industrial Way

Movement EB EB EB WB WB WB NB NB NB SB SB SB
Directions Served L T TR L T TR L T R L T R
Maximum Queue (ft) 275 872 884 74 156 156 87 87 97 159 425 373
Average Queue (ft) 188 673 685 9 30 25 16 10 27 42 36 82
95th Queue (ft) 352 1080 1086 41 125 119 56 63 74 111 209 239
Link Distance (ft) 843 843 237 237 684 404
Upstream Blk Time (%) 20 22 1 1 1 0
Queuing Penalty (veh) 132 144 2 3 2 0
Storage Bay Dist (ft) 150 150 60 60 165 300
Storage Blk Time (%) 30 51 0 3 2 0 8 0 0 2
Queuing Penalty (veh) 171 87 0 0 1 0 2 1 0 1

Intersection: 22: 3rd Avenue & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 290 379 384 1915 1910
Average Queue (ft) 106 71 72 665 676
95th Queue (ft) 269 306 310 1739 1741
Link Distance (ft) 2590 370 370 3200 3200
Upstream Blk Time (%) 15 15
Queuing Penalty (veh) 89 92
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 24: Industrial Way & Douglas Street

Movement SE SW
Directions Served L LR
Maximum Queue (ft) 34 70
Average Queue (ft) 4 27
95th Queue (ft) 22 59
Link Distance (ft) 100
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft) 195
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 25: Douglas Street & Alder Street

Movement NW NE
Directions Served LT LR
Maximum Queue (ft) 10 61
Average Queue (ft) 1 29
95th Queue (ft) 8 56
Link Distance (ft) 681 100
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 29: Spur Line & Washington Way

Movement EB EB EB WB WB NW
Directions Served T T T T T T
Maximum Queue (ft) 190 818 504 27 42 47
Average Queue (ft) 44 258 66 3 5 2
95th Queue (ft) 163 752 318 17 27 20
Link Distance (ft) 1752 1752 7 7 1681
Upstream Blk Time (%) 16 15
Queuing Penalty (veh) 10 10
Storage Bay Dist (ft) 140
Storage Blk Time (%) 0 39
Queuing Penalty (veh) 0 32

Intersection: 31: Weyerhaeuser Access & Spur Line

Movement NW NE SW
Directions Served T T T
Maximum Queue (ft) 56 217 20
Average Queue (ft) 5 38 2
95th Queue (ft) 31 158 11
Link Distance (ft) 5597 313 10
Upstream Blk Time (%) 2 4
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 33: Weyerhaeuser Access & Industrial Way

Movement SE NW NE
Directions Served R L LR
Maximum Queue (ft) 3 28 26
Average Queue (ft) 0 2 18
95th Queue (ft) 4 15 34
Link Distance (ft) 10
Upstream Blk Time (%) 12
Queuing Penalty (veh) 9
Storage Bay Dist (ft) 210 80
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 37: Weyerhaeuser Access 2 & Industrial Way

Movement SE
Directions Served T
Maximum Queue (ft) 20
Average Queue (ft) 1
95th Queue (ft) 18
Link Distance (ft) 1480
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%) 0
Queuing Penalty (veh) 0

Intersection: 39: Industrial Way & Prudential Blvd

Movement SE SE NW NW SW
Directions Served L T T T L
Maximum Queue (ft) 3 104 107 85 116
Average Queue (ft) 0 35 36 25 51
95th Queue (ft) 3 80 84 63 91
Link Distance (ft) 2438 513 513 1261
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 170
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 41: Hoehne Avenue & Industrial Way

Movement NE
Directions Served R
Maximum Queue (ft) 35
Average Queue (ft) 11
95th Queue (ft) 36
Link Distance (ft) 26
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 45: International Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 780 780 225 335 346 494 263
Average Queue (ft) 442 448 28 176 180 88 105
95th Queue (ft) 934 935 124 365 371 350 220
Link Distance (ft) 746 746 304 304 973
Upstream Blk Time (%) 15 17 13 14
Queuing Penalty (veh) 70 80 57 63
Storage Bay Dist (ft) 150 150
Storage Blk Time (%) 0 26 4 11
Queuing Penalty (veh) 0 4 6 3

Intersection: 47: Fiber Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 254 252 205 316 325 555 842
Average Queue (ft) 210 212 54 162 176 82 246
95th Queue (ft) 260 256 155 341 353 358 651
Link Distance (ft) 208 208 295 295 975 975
Upstream Blk Time (%) 38 40 10 11 1 2
Queuing Penalty (veh) 213 226 43 47 0 0
Storage Bay Dist (ft) 150
Storage Blk Time (%) 0 19
Queuing Penalty (veh) 0 9
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Intersection: 48: Industrial Way

Movement EB EB WB WB NB SB
Directions Served T T T T R R
Maximum Queue (ft) 27 38 470 457 167 48
Average Queue (ft) 2 3 294 303 66 6
95th Queue (ft) 36 43 608 600 126 29
Link Distance (ft) 1239 1239 420 420 236 90
Upstream Blk Time (%) 19 22 0
Queuing Penalty (veh) 95 110 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 49: 38th Avenue & Industrial Way

Movement SE SE SE NW NW NE NE NE SW SW
Directions Served L T R L T L T R L R
Maximum Queue (ft) 49 97 15 200 219 38 45 81 68 45
Average Queue (ft) 13 24 1 55 37 2 9 20 27 17
95th Queue (ft) 37 71 8 156 129 18 34 58 59 43
Link Distance (ft) 2250 2438 3 3 3
Upstream Blk Time (%) 0 4 5
Queuing Penalty (veh) 0 1 1
Storage Bay Dist (ft) 115 225 155 150 200
Storage Blk Time (%) 0 9 0
Queuing Penalty (veh) 0 30 0

Intersection: 50: Aluminum Access 1/38th Avenue & Spur Line

Movement NW NE NE NE SW
Directions Served T T T T T
Maximum Queue (ft) 181 25 948 76 52
Average Queue (ft) 14 2 333 29 9
95th Queue (ft) 94 15 1118 71 31
Link Distance (ft) 5783 2106 3
Upstream Blk Time (%) 2 34
Queuing Penalty (veh) 0 16
Storage Bay Dist (ft) 35 25
Storage Blk Time (%) 4 17 49
Queuing Penalty (veh) 2 10 29
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Intersection: 55: Industrial Way

Movement EB EB WB WB NB SB
Directions Served T T T T R R
Maximum Queue (ft) 358 369 768 777 98 55
Average Queue (ft) 95 100 294 298 25 14
95th Queue (ft) 336 346 855 862 75 45
Link Distance (ft) 379 379 746 746 99 87
Upstream Blk Time (%) 3 4 8 9 2 0
Queuing Penalty (veh) 13 21 36 38 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 56: Industrial Way & 3rd Avenue

Movement NW NW NE NE SW SW SW
Directions Served L R T TR L T T
Maximum Queue (ft) 111 152 250 242 185 400 401
Average Queue (ft) 28 34 141 147 22 275 276
95th Queue (ft) 82 108 239 241 116 508 505
Link Distance (ft) 2710 237 237 370 370
Upstream Blk Time (%) 15 14 26 27
Queuing Penalty (veh) 90 86 100 103
Storage Bay Dist (ft) 175 250
Storage Blk Time (%) 0 2 36
Queuing Penalty (veh) 0 1 4

Intersection: 59: Industrial Way

Movement EB EB WB WB NB
Directions Served T T T TR R
Maximum Queue (ft) 330 338 242 230 132
Average Queue (ft) 223 233 56 57 57
95th Queue (ft) 415 424 210 210 136
Link Distance (ft) 304 304 208 208 118
Upstream Blk Time (%) 15 20 7 8 19
Queuing Penalty (veh) 79 107 31 36 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 61: Industrial Way

Movement SB SE
Directions Served LR L
Maximum Queue (ft) 108 30
Average Queue (ft) 47 2
95th Queue (ft) 86 14
Link Distance (ft) 1001
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 64: Industrial Way

Movement EB EB WB WB SB
Directions Served T TR T T R
Maximum Queue (ft) 305 314 522 545 30
Average Queue (ft) 140 146 97 102 3
95th Queue (ft) 356 366 493 505 17
Link Distance (ft) 295 295 843 843 88
Upstream Blk Time (%) 12 13 2 3
Queuing Penalty (veh) 77 89 9 12
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 69: Dike Road & Spur Line

Movement SE NW NE SW
Directions Served T T T T
Maximum Queue (ft) 518 658 160 226
Average Queue (ft) 215 278 14 21
95th Queue (ft) 518 650 83 118
Link Distance (ft) 2167 1051 566 491
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Network Summary

Network wide Queuing Penalty: 5750
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Intersection: 1: Weyerhaeuser & Industrial Way

Movement SE NW NW NE
Directions Served TR L T LR
Maximum Queue (ft) 3 55 579 174
Average Queue (ft) 0 11 47 63
95th Queue (ft) 3 39 303 127
Link Distance (ft) 116 745 745 484
Upstream Blk Time (%) 1
Queuing Penalty (veh) 3
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 2: Oregon Way & Industrial Way

Movement EB EB EB EB WB WB WB WB NB NB NB NB
Directions Served L T T R L L T R L T T R
Maximum Queue (ft) 231 294 277 257 361 1285 1277 75 376 534 2122 250
Average Queue (ft) 109 114 115 25 176 1082 1205 54 226 267 395 184
95th Queue (ft) 202 221 215 137 309 1613 1437 100 380 462 1215 308
Link Distance (ft) 745 1239 1239 2473
Upstream Blk Time (%) 23 49 1
Queuing Penalty (veh) 119 252 0
Storage Bay Dist (ft) 140 400 400 310 25 235 235 120
Storage Blk Time (%) 9 5 0 0 1 63 19 16 10 34 15
Queuing Penalty (veh) 43 22 0 1 3 143 78 133 82 352 139

Intersection: 2: Oregon Way & Industrial Way

Movement SB SB SB
Directions Served L T TR
Maximum Queue (ft) 236 271 278
Average Queue (ft) 79 226 228
95th Queue (ft) 204 329 328
Link Distance (ft) 236 236
Upstream Blk Time (%) 0 37 40
Queuing Penalty (veh) 0 150 162
Storage Bay Dist (ft) 170
Storage Blk Time (%) 0 50
Queuing Penalty (veh) 1 29
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Intersection: 4: Oregon Way & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 75 245 246 698 702
Average Queue (ft) 11 26 28 253 267
95th Queue (ft) 76 143 151 642 655
Link Distance (ft) 4581 236 236 702 702
Upstream Blk Time (%) 6 6 1 2
Queuing Penalty (veh) 29 29 5 7
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 5: Oregon Way & Alabama Street

Movement EB WB NB NB NB SB SB SB
Directions Served LTR LTR L T TR L T TR
Maximum Queue (ft) 139 109 90 4 11 63 83 130
Average Queue (ft) 54 47 29 0 0 16 7 11
95th Queue (ft) 109 87 68 3 5 47 54 72
Link Distance (ft) 233 852 702 702 3084 3084
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 175 165
Storage Blk Time (%) 0
Queuing Penalty (veh) 0

Intersection: 9: California Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 30 687 290
Average Queue (ft) 1 65 33
95th Queue (ft) 15 372 179
Link Distance (ft) 464 2581 404
Upstream Blk Time (%) 1
Queuing Penalty (veh) 1
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 10: Industrial Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 126 1091 122
Average Queue (ft) 44 84 12
95th Queue (ft) 163 522 72
Link Distance (ft) 993 2678 116
Upstream Blk Time (%) 6
Queuing Penalty (veh) 41
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 12: Industrial Way & Washington Way

Movement EB EB EB WB WB WB SE SE SE NW NW
Directions Served L T R L T R L T R L TR
Maximum Queue (ft) 41 71 48 154 288 12 216 267 49 229 413
Average Queue (ft) 14 34 11 29 50 0 56 71 9 42 210
95th Queue (ft) 32 61 32 94 188 6 144 187 35 141 367
Link Distance (ft) 7 7 7 1347 1347 1220 1630
Upstream Blk Time (%) 22 58 12
Queuing Penalty (veh) 19 49 10
Storage Bay Dist (ft) 90 210 25 160
Storage Blk Time (%) 1 10 0 12 3 0 13
Queuing Penalty (veh) 1 5 1 17 14 1 5

Intersection: 16: Columbia Ave & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 268 300 179 408 412 250 154
Average Queue (ft) 112 134 22 267 272 94 52
95th Queue (ft) 217 240 103 510 507 201 110
Link Distance (ft) 420 420 379 379 398
Upstream Blk Time (%) 26 28 0
Queuing Penalty (veh) 118 125 0
Storage Bay Dist (ft) 105 130
Storage Blk Time (%) 0 46 8 0
Queuing Penalty (veh) 0 5 7 0
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Intersection: 20: California Way & Industrial Way

Movement EB EB EB WB WB WB NB NB NB SB SB SB
Directions Served L T TR L T TR L T R L T R
Maximum Queue (ft) 275 868 867 69 125 130 72 61 101 157 215 321
Average Queue (ft) 186 510 525 8 23 19 15 7 28 47 16 65
95th Queue (ft) 331 961 966 38 83 78 51 35 75 114 104 172
Link Distance (ft) 843 843 237 237 684 404
Upstream Blk Time (%) 8 9 0 0
Queuing Penalty (veh) 50 55 0 0
Storage Bay Dist (ft) 150 150 60 60 165 300
Storage Blk Time (%) 27 37 0 1 0 2 0 1
Queuing Penalty (veh) 156 63 0 0 0 0 1 0

Intersection: 22: 3rd Avenue & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 303 373 380 1091 1094
Average Queue (ft) 150 38 46 221 228
95th Queue (ft) 310 224 245 806 820
Link Distance (ft) 2590 370 370 3012 3012
Upstream Blk Time (%) 6 8
Queuing Penalty (veh) 39 47
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 24: Industrial Way & Douglas Street

Movement SE NW SW
Directions Served L TR LR
Maximum Queue (ft) 35 3 72
Average Queue (ft) 4 0 28
95th Queue (ft) 22 3 59
Link Distance (ft) 2660 100
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft) 195
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 25: Douglas Street & Alder Street

Movement NW NE
Directions Served LT LR
Maximum Queue (ft) 13 66
Average Queue (ft) 1 29
95th Queue (ft) 8 56
Link Distance (ft) 681 100
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 29: Spur Line & Washington Way

Movement EB EB EB WB WB
Directions Served T T T T T
Maximum Queue (ft) 190 550 303 22 45
Average Queue (ft) 49 166 39 2 4
95th Queue (ft) 170 488 192 11 22
Link Distance (ft) 1817 1817 7 7
Upstream Blk Time (%) 13 12
Queuing Penalty (veh) 8 8
Storage Bay Dist (ft) 140
Storage Blk Time (%) 1 30
Queuing Penalty (veh) 1 25

Intersection: 31: Weyerhaeuser Access & Spur Line

Movement NW NE SW
Directions Served T T T
Maximum Queue (ft) 166 167 16
Average Queue (ft) 51 24 1
95th Queue (ft) 179 96 8
Link Distance (ft) 5597 313 10
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 33: Weyerhaeuser Access & Industrial Way

Movement SE NW NE
Directions Served R L LR
Maximum Queue (ft) 5 22 24
Average Queue (ft) 0 1 19
95th Queue (ft) 4 12 33
Link Distance (ft) 10
Upstream Blk Time (%) 12
Queuing Penalty (veh) 9
Storage Bay Dist (ft) 210 80
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 37: Weyerhaeuser Access 2 & Industrial Way

Movement
Directions Served
Maximum Queue (ft)
Average Queue (ft)
95th Queue (ft)
Link Distance (ft)
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 39: Industrial Way & Prudential Blvd

Movement SE SE NW NW SW
Directions Served L T T T L
Maximum Queue (ft) 9 95 99 78 100
Average Queue (ft) 0 32 34 23 50
95th Queue (ft) 5 75 79 60 85
Link Distance (ft) 2438 513 513 1261
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 170
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 41: Hoehne Avenue & Industrial Way

Movement NE
Directions Served R
Maximum Queue (ft) 33
Average Queue (ft) 11
95th Queue (ft) 36
Link Distance (ft) 26
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 45: International Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 333 348 209 317 323 102 157
Average Queue (ft) 140 154 33 171 179 27 75
95th Queue (ft) 294 311 140 347 354 70 128
Link Distance (ft) 746 746 304 304 973
Upstream Blk Time (%) 12 12
Queuing Penalty (veh) 54 52
Storage Bay Dist (ft) 150 150
Storage Blk Time (%) 23 0 0
Queuing Penalty (veh) 4 0 0

Intersection: 47: Fiber Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 250 256 246 322 320 131 360
Average Queue (ft) 191 200 58 158 175 48 151
95th Queue (ft) 266 267 158 322 339 102 291
Link Distance (ft) 208 208 295 295 975 975
Upstream Blk Time (%) 15 18 8 9
Queuing Penalty (veh) 86 102 35 38
Storage Bay Dist (ft) 150
Storage Blk Time (%) 1 16
Queuing Penalty (veh) 3 8
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Intersection: 48: Industrial Way

Movement WB WB NB SB
Directions Served T T R R
Maximum Queue (ft) 471 447 151 54
Average Queue (ft) 312 318 64 12
95th Queue (ft) 613 601 115 55
Link Distance (ft) 420 420 236 90
Upstream Blk Time (%) 21 24 5
Queuing Penalty (veh) 105 123 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 49: 38th Avenue & Industrial Way

Movement SE SE SE NW NW NE NE NE SW SW
Directions Served L T R L T L T R L R
Maximum Queue (ft) 55 97 19 265 363 42 48 67 76 47
Average Queue (ft) 13 25 2 62 58 2 9 17 30 17
95th Queue (ft) 39 68 13 185 192 18 35 51 62 43
Link Distance (ft) 2300 2438 3 3 3
Upstream Blk Time (%) 1 3 5
Queuing Penalty (veh) 0 1 1
Storage Bay Dist (ft) 115 225 155 150 200
Storage Blk Time (%) 0 13 0
Queuing Penalty (veh) 0 42 0

Intersection: 50: Aluminum Access 1/38th Avenue & Spur Line

Movement NE NE NE SW
Directions Served T T T T
Maximum Queue (ft) 17 978 77 56
Average Queue (ft) 1 381 25 9
95th Queue (ft) 14 1244 67 30
Link Distance (ft) 2045 3
Upstream Blk Time (%) 2 34
Queuing Penalty (veh) 0 15
Storage Bay Dist (ft) 35 25
Storage Blk Time (%) 3 24 48
Queuing Penalty (veh) 2 14 28
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Intersection: 55: Industrial Way

Movement WB WB NB SB
Directions Served T T R R
Maximum Queue (ft) 696 690 68 53
Average Queue (ft) 289 294 18 13
95th Queue (ft) 847 853 53 43
Link Distance (ft) 746 746 99 87
Upstream Blk Time (%) 9 8 0 1
Queuing Penalty (veh) 38 35 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 56: Industrial Way & 3rd Avenue

Movement NW NW NE NE SW SW SW
Directions Served L R T TR L T T
Maximum Queue (ft) 94 88 244 247 130 404 403
Average Queue (ft) 27 24 119 130 18 239 245
95th Queue (ft) 72 65 217 230 75 439 436
Link Distance (ft) 2710 237 237 370 370
Upstream Blk Time (%) 5 6 13 13
Queuing Penalty (veh) 31 39 48 49
Storage Bay Dist (ft) 175 250
Storage Blk Time (%) 0 20
Queuing Penalty (veh) 0 2

Intersection: 59: Industrial Way

Movement EB EB WB WB NB
Directions Served T T T TR R
Maximum Queue (ft) 289 296 177 176 98
Average Queue (ft) 101 111 50 52 27
95th Queue (ft) 283 294 196 200 74
Link Distance (ft) 304 304 208 208 118
Upstream Blk Time (%) 2 3 6 6 0
Queuing Penalty (veh) 9 15 26 27 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 61: Industrial Way

Movement SB SE NW
Directions Served LR L TR
Maximum Queue (ft) 104 26 2
Average Queue (ft) 47 2 0
95th Queue (ft) 83 13 2
Link Distance (ft) 1001 2678
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 64: Industrial Way

Movement EB EB WB WB SB
Directions Served T TR T T R
Maximum Queue (ft) 306 309 411 414 29
Average Queue (ft) 64 68 70 72 2
95th Queue (ft) 247 255 377 383 16
Link Distance (ft) 295 295 843 843 88
Upstream Blk Time (%) 3 4 0 0
Queuing Penalty (veh) 18 24 1 1
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 69: Dike Road & Spur Line

Movement SE NW NE SW
Directions Served T T T T
Maximum Queue (ft) 606 636 198 258
Average Queue (ft) 252 240 19 23
95th Queue (ft) 635 583 106 137
Link Distance (ft) 2167 1051 566 491
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Network Summary

Network wide Queuing Penalty: 3745
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Intersection: 1: Weyerhaeuser & Industrial Way

Movement SE NW NW NE
Directions Served TR L T LR
Maximum Queue (ft) 21 68 608 314
Average Queue (ft) 1 13 83 83
95th Queue (ft) 10 45 403 214
Link Distance (ft) 116 745 745 484
Upstream Blk Time (%) 1 0
Queuing Penalty (veh) 4 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 2: Oregon Way & Industrial Way

Movement EB EB EB EB WB WB WB WB NB NB NB NB
Directions Served L T T R L L T R L T T R
Maximum Queue (ft) 239 378 336 306 355 1281 1286 78 384 534 2511 250
Average Queue (ft) 121 140 126 39 190 1046 1156 56 215 306 667 195
95th Queue (ft) 232 299 264 190 336 1695 1557 101 377 521 1971 320
Link Distance (ft) 745 1239 1239 2473
Upstream Blk Time (%) 26 47 5
Queuing Penalty (veh) 131 242 0
Storage Bay Dist (ft) 140 400 400 310 25 235 235 120
Storage Blk Time (%) 17 7 0 0 1 3 60 26 13 19 40 18
Queuing Penalty (veh) 86 32 0 0 3 6 135 108 108 158 423 168

Intersection: 2: Oregon Way & Industrial Way

Movement SB SB SB
Directions Served L T TR
Maximum Queue (ft) 236 271 262
Average Queue (ft) 80 229 224
95th Queue (ft) 211 344 338
Link Distance (ft) 236 236
Upstream Blk Time (%) 0 54 54
Queuing Penalty (veh) 0 222 220
Storage Bay Dist (ft) 170
Storage Blk Time (%) 0 62
Queuing Penalty (veh) 1 36
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Intersection: 4: Oregon Way & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 98 247 259 726 734
Average Queue (ft) 19 47 50 637 644
95th Queue (ft) 60 198 207 881 883
Link Distance (ft) 4581 236 236 702 702
Upstream Blk Time (%) 11 12 26 28
Queuing Penalty (veh) 61 65 105 112
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 5: Oregon Way & Alabama Street

Movement EB WB NB NB SB SB SB
Directions Served LTR LTR L TR L T TR
Maximum Queue (ft) 222 373 110 9 219 621 651
Average Queue (ft) 123 144 36 0 42 182 199
95th Queue (ft) 254 467 87 4 181 562 589
Link Distance (ft) 233 852 702 3126 3126
Upstream Blk Time (%) 19 3
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 175 165
Storage Blk Time (%) 20
Queuing Penalty (veh) 6

Intersection: 9: California Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 70 697 383
Average Queue (ft) 4 101 59
95th Queue (ft) 33 436 249
Link Distance (ft) 464 2581 404
Upstream Blk Time (%) 1
Queuing Penalty (veh) 3
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 10: Industrial Way & Spur Line

Movement WB SE NW
Directions Served T T T
Maximum Queue (ft) 139 1238 124
Average Queue (ft) 56 185 20
95th Queue (ft) 188 831 93
Link Distance (ft) 993 2678 116
Upstream Blk Time (%) 13
Queuing Penalty (veh) 88
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 12: Industrial Way & Washington Way

Movement EB EB EB WB WB WB SE SE SE NW NW
Directions Served L T R L T R L T R L TR
Maximum Queue (ft) 43 70 50 189 393 2 268 628 53 218 420
Average Queue (ft) 12 31 12 30 78 0 55 116 17 53 189
95th Queue (ft) 32 63 35 104 258 2 164 439 48 159 355
Link Distance (ft) 7 7 7 1347 1347 1220 1630
Upstream Blk Time (%) 21 58 13 0
Queuing Penalty (veh) 18 49 11 0
Storage Bay Dist (ft) 90 210 25 160
Storage Blk Time (%) 1 23 0 14 14 3 9
Queuing Penalty (veh) 1 13 0 19 58 17 3

Intersection: 16: Columbia Ave & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 325 343 172 420 419 231 167
Average Queue (ft) 159 175 26 271 277 93 57
95th Queue (ft) 348 359 116 512 508 182 120
Link Distance (ft) 420 420 379 379 398
Upstream Blk Time (%) 2 3 26 28
Queuing Penalty (veh) 10 13 118 125
Storage Bay Dist (ft) 105 130
Storage Blk Time (%) 0 46 7 0
Queuing Penalty (veh) 1 5 6 0
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Intersection: 20: California Way & Industrial Way

Movement EB EB EB WB WB WB NB NB NB SB SB SB
Directions Served L T TR L T TR L T R L T R
Maximum Queue (ft) 275 873 893 60 135 129 73 129 115 184 246 318
Average Queue (ft) 217 791 798 11 18 14 11 10 30 49 23 74
95th Queue (ft) 361 1036 1042 42 80 73 46 57 79 124 125 208
Link Distance (ft) 843 843 237 237 684 404
Upstream Blk Time (%) 25 27 0 0 0
Queuing Penalty (veh) 167 183 0 0 0
Storage Bay Dist (ft) 150 150 60 60 165 300
Storage Blk Time (%) 37 56 0 1 0 7 1 0 1
Queuing Penalty (veh) 216 95 0 0 0 1 2 0 1

Intersection: 22: 3rd Avenue & Spur Line

Movement WB NB NB SB SB
Directions Served T T T T T
Maximum Queue (ft) 220 380 386 1549 1535
Average Queue (ft) 89 77 83 875 881
95th Queue (ft) 208 326 337 1644 1639
Link Distance (ft) 2590 370 370 3128 3128
Upstream Blk Time (%) 14 15
Queuing Penalty (veh) 86 92
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 24: Industrial Way & Douglas Street

Movement SE NW SW
Directions Served L TR LR
Maximum Queue (ft) 34 3 60
Average Queue (ft) 4 0 26
95th Queue (ft) 21 3 54
Link Distance (ft) 2660 100
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 195
Storage Blk Time (%)
Queuing Penalty (veh)



2028 2 MBTL, Planned Infrastructure MBTL Spur Line

Queuing and Blocking Report 9/18/2015

MBTL Spur Line SimTraffic Report
DKS Associatees Page 5

Intersection: 25: Douglas Street & Alder Street

Movement NW NE
Directions Served LT LR
Maximum Queue (ft) 19 67
Average Queue (ft) 1 28
95th Queue (ft) 10 60
Link Distance (ft) 681 100
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 29: Spur Line & Washington Way

Movement EB EB EB WB WB NW
Directions Served T T T T T T
Maximum Queue (ft) 190 808 512 26 49 3
Average Queue (ft) 89 418 84 4 8 0
95th Queue (ft) 236 829 328 18 30 3
Link Distance (ft) 1850 1850 7 7 1681
Upstream Blk Time (%) 26 26
Queuing Penalty (veh) 18 18
Storage Bay Dist (ft) 140
Storage Blk Time (%) 0 75
Queuing Penalty (veh) 0 63

Intersection: 31: Weyerhaeuser Access & Spur Line

Movement NW NE SW
Directions Served T T T
Maximum Queue (ft) 105 211 20
Average Queue (ft) 36 40 2
95th Queue (ft) 124 144 13
Link Distance (ft) 5597 313 10
Upstream Blk Time (%) 6
Queuing Penalty (veh) 1
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 33: Weyerhaeuser Access & Industrial Way

Movement SE NW NE
Directions Served R L LR
Maximum Queue (ft) 11 26 26
Average Queue (ft) 1 2 17
95th Queue (ft) 10 13 34
Link Distance (ft) 10
Upstream Blk Time (%) 13
Queuing Penalty (veh) 9
Storage Bay Dist (ft) 210 80
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 37: Weyerhaeuser Access 2 & Industrial Way

Movement
Directions Served
Maximum Queue (ft)
Average Queue (ft)
95th Queue (ft)
Link Distance (ft)
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 39: Industrial Way & Prudential Blvd

Movement SE SE NW NW SW
Directions Served L T T T L
Maximum Queue (ft) 6 108 94 81 103
Average Queue (ft) 0 33 33 22 48
95th Queue (ft) 4 80 76 60 84
Link Distance (ft) 2438 513 513 1261
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 170
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 41: Hoehne Avenue & Industrial Way

Movement NE
Directions Served R
Maximum Queue (ft) 33
Average Queue (ft) 10
95th Queue (ft) 34
Link Distance (ft) 26
Upstream Blk Time (%) 1
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 45: International Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 716 728 213 340 335 397 253
Average Queue (ft) 462 476 33 191 195 79 106
95th Queue (ft) 911 915 139 372 375 303 220
Link Distance (ft) 746 746 304 304 973
Upstream Blk Time (%) 12 14 12 12
Queuing Penalty (veh) 57 67 51 53
Storage Bay Dist (ft) 150 150
Storage Blk Time (%) 25 3 11
Queuing Penalty (veh) 4 5 4

Intersection: 47: Fiber Way & Industrial Way

Movement EB EB WB WB WB NB NB
Directions Served T TR L T T L R
Maximum Queue (ft) 247 254 240 320 328 123 608
Average Queue (ft) 215 219 61 174 190 47 222
95th Queue (ft) 244 248 161 345 361 100 489
Link Distance (ft) 208 208 295 295 975 975
Upstream Blk Time (%) 44 46 7 8
Queuing Penalty (veh) 253 269 30 34
Storage Bay Dist (ft) 150
Storage Blk Time (%) 0 16
Queuing Penalty (veh) 2 8
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Intersection: 48: Industrial Way

Movement EB EB WB WB NB SB
Directions Served T T T T R R
Maximum Queue (ft) 82 96 467 461 186 54
Average Queue (ft) 10 12 316 319 72 16
95th Queue (ft) 87 97 616 614 150 58
Link Distance (ft) 1239 1239 420 420 236 90
Upstream Blk Time (%) 20 23 2 10
Queuing Penalty (veh) 99 117 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 49: 38th Avenue & Industrial Way

Movement SE SE SE NW NW NE NE NE SW SW
Directions Served L T R L T L T R L R
Maximum Queue (ft) 55 95 25 273 363 31 47 74 76 46
Average Queue (ft) 16 25 3 81 58 2 8 16 28 18
95th Queue (ft) 42 68 16 212 221 17 32 53 62 44
Link Distance (ft) 2266 2438 3 3 3
Upstream Blk Time (%) 1 3 5
Queuing Penalty (veh) 0 1 2
Storage Bay Dist (ft) 115 225 155 150 200
Storage Blk Time (%) 0 19 0
Queuing Penalty (veh) 0 62 0

Intersection: 50: Aluminum Access 1/38th Avenue & Spur Line

Movement NW NE NE NE SW
Directions Served T T T T T
Maximum Queue (ft) 47 18 1151 72 51
Average Queue (ft) 4 1 499 35 13
95th Queue (ft) 30 14 1310 75 36
Link Distance (ft) 5784 1907 3
Upstream Blk Time (%) 0 50
Queuing Penalty (veh) 0 23
Storage Bay Dist (ft) 35 25
Storage Blk Time (%) 3 19 70
Queuing Penalty (veh) 2 11 41
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Intersection: 55: Industrial Way

Movement EB EB WB WB NB SB
Directions Served T T T T R R
Maximum Queue (ft) 311 323 774 768 86 51
Average Queue (ft) 98 101 310 314 27 14
95th Queue (ft) 354 362 875 880 83 43
Link Distance (ft) 379 379 746 746 99 87
Upstream Blk Time (%) 3 5 7 7 8 0
Queuing Penalty (veh) 13 22 32 30 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 56: Industrial Way & 3rd Avenue

Movement NW NW NE NE SW SW SW
Directions Served L R T TR L T T
Maximum Queue (ft) 90 106 252 254 269 408 404
Average Queue (ft) 26 26 150 160 26 334 332
95th Queue (ft) 68 72 243 250 134 532 526
Link Distance (ft) 2710 237 237 370 370
Upstream Blk Time (%) 13 14 40 40
Queuing Penalty (veh) 79 87 162 163
Storage Bay Dist (ft) 175 250
Storage Blk Time (%) 0 52
Queuing Penalty (veh) 0 6

Intersection: 59: Industrial Way

Movement EB EB WB WB NB
Directions Served T T T TR R
Maximum Queue (ft) 332 338 217 215 145
Average Queue (ft) 257 266 54 54 71
95th Queue (ft) 415 418 200 200 154
Link Distance (ft) 304 304 208 208 118
Upstream Blk Time (%) 14 23 4 5 30
Queuing Penalty (veh) 78 129 20 20 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
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Intersection: 61: Industrial Way

Movement SB SE NW
Directions Served LR L TR
Maximum Queue (ft) 114 30 6
Average Queue (ft) 45 2 0
95th Queue (ft) 85 14 6
Link Distance (ft) 1001 2678
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 64: Industrial Way

Movement EB EB WB WB SB
Directions Served T TR T T R
Maximum Queue (ft) 312 317 429 438 26
Average Queue (ft) 188 199 61 65 3
95th Queue (ft) 381 391 330 335 20
Link Distance (ft) 295 295 843 843 88
Upstream Blk Time (%) 11 14 0 0
Queuing Penalty (veh) 74 98 0 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 69: Dike Road & Spur Line

Movement SE NW NE SW
Directions Served T T T T
Maximum Queue (ft) 409 419 179 306
Average Queue (ft) 152 164 29 43
95th Queue (ft) 392 412 119 192
Link Distance (ft) 2167 1051 566 491
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Network Summary

Network wide Queuing Penalty: 6148
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Chapter 1 
Introduction 

This technical report assesses the potential vessel transportation impacts of the proposed 

Millennium Bulk Terminals—Longview project (On-Site Alternative), Off-Site Alternative, and No-

Action Alternative. For the purposes of this assessment, vessel transportation refers to the 

movement of vessels within the Columbia River, historical and projected traffic levels, and vessel 

traffic management, safety, and emergency response. This report describes the regulatory setting, 

establishes the method for assessing potential vessel transportation impacts, presents the historical 

and current vessel transportation conditions in the study area, and assesses potential impacts. 

1.1 Project Description  
Millennium Bulk Terminals—Longview, LLC (Applicant) proposes to construct and operate an 

export terminal in Cowlitz County, Washington, along the Columbia River (Figure 1). The export 

terminal would receive coal from the Powder River Basin in Montana and Wyoming and the Uinta 

Basin in Utah and Colorado via rail shipment, then load and transport the coal by ocean-going ships 

via the Columbia River and Pacific Ocean to overseas markets in Asia. The export terminal would be 

capable of receiving, stockpiling, blending, and loading coal by conveyor onto ships for export. 

Construction of the export terminal would begin in 2018. For the purpose of this analysis, it is 

assumed the export terminal would operate at full capacity by 2028. The following subsections 

present a summary of the On-Site Alternative, Off-Site Alternative, and No-Action Alternative. 

1.1.1 On-Site Alternative  

Under the On-Site Alternative, the Applicant would develop an export terminal on 190 acres (project 

area). The project area is located within an existing 540-acre area currently leased by the Applicant 

at the former Reynolds Metals Company facility (Reynolds facility), and land currently owned by 

Bonneville Power Administration. The project area is adjacent to the Columbia River in 

unincorporated Cowlitz County, Washington near Longview city limits (Figure 2).  

The Applicant currently and separately operates at the Reynolds facility, and would continue to 

separately operate a bulk product terminal on land leased by the Applicant. Industrial Way (State 

Route 432) provides vehicular access to the Applicant’s leased land. The Reynolds Lead and the 

BNSF Spur rail lines, both operated by Longview Switching Company (LVSW),1 provide rail access to 

the Applicant’s leased area from the BNSF Railway Company (BNSF) main line (Longview Junction) 

located to the east in Kelso, Washington. Ships access the Applicant’s leased area including the bulk 

product terminal via the Columbia River and berth at an existing dock (Dock 1) operated by the 

Applicant in the Columbia River. 

. 

                                                             
1 LVSW is jointly owned by BNSF Railway Company (BNSF) and Union Pacific Railroad (UP). 
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Figure 1.  Project Vicinity  
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Figure 2.  On-Site Alternative  
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Under the On-Site Alternative, BNSF or Union Pacific Railroad (UP) trains would transport coal in 

rail cars from the BNSF main line at Longview Junction to the project area via the BNSF Spur and 

Reynolds Lead. Coal would be unloaded from rail cars, stockpiled and blended, and loaded by 

conveyor onto ocean-going ships at two new docks (Docks 2 and 3) on the Columbia River for export 

to Asia. 

Once construction is complete, the export terminal would have an annual throughput capacity of up 

to 44 million metric tons of coal. 2 The export terminal would consist of one operating rail track, 

eight rail tracks for the storage of rail cars, rail car unloading facilities, stockpile areas for coal 

storage, conveyor and reclaiming facilities, two new docks in the Columbia River (Docks 2 and 3), 

and ship-loading facilities on the two docks. Dredging of the Columbia River would be required to 

provide access to and from the Columbia River navigation channel and for berthing at the two new 

docks.  

Vehicles would access the project area from Industrial Way (State Route 432). Ships would access 

the project area via the Columbia River and berth at one of the two new docks. Trains would access 

the export terminal via the BNSF Spur and the Reynolds Lead. Terminal operations would occur 24 

hours per day, 7 days per week. The export terminal would be designed for a minimum 30-year 

period of operation. 

1.1.2 Off-Site Alternative  

Under the Off-Site Alternative, the export terminal would be developed on an approximately 220-

acre site adjacent to the Columbia River, located in both Longview, Washington, and unincorporated 

Cowlitz County, Washington, in an area commonly referred to as Barlow Point (Figure 3). The 

project area for the Off-Site Alternative is west and downstream of the project area for the On-Site 

Alternative. Most of the project area for the Off-Site Alternative is located within Longview city 

limits and owned by the Port of Longview. The remainder of the project area is within 

unincorporated Cowlitz County and privately owned. 

Under the Off-Site Alternative, BNSF or UP trains would transport coal from the BNSF main line at 

Longview Junction over the BNSF Spur and the Reynolds Lead, which would be extended 

approximately 2,500 feet to the west. Coal would be unloaded from rail cars, stockpiled and blended, 

and loaded by conveyor onto ocean-going ships at two new docks (Docks A and B) on the Columbia 

River. The Off-Site Alternative would serve the same purpose as the On-Site Alternative.  

Once construction is complete, the Off-Site Alternative would have an annual throughput capacity of 

up to 44 million metric tons of coal. The export terminal would consist of the same elements as the 

On-Site Alternative: one operating rail track, eight rail tracks for the storage of rail cars, rail car 

unloading facilities, stockpile areas for coal storage, conveyor and reclaiming facilities, two new 

docks in the Columbia River (Docks A and B), and ship-loading facilities on the two docks. Dredging 

of the Columbia River would be required to provide access to and from the Columbia River 

navigation channel and for berthing at the two new docks.  

 

                                                             
2 A metric ton is the U.S. equivalent to a tonne per the International System of Units, or 1,000 kilograms or 
approximately 2,204.6 pounds. 
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Figure 3. Off-Site Alternative 
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Vehicles would access the project area via a new access road extending from Mount Solo Road (State 

Route 432) to the project area. Trains would access the terminal via the BNSF Spur and the extended 

Reynolds Lead. Ships would access the project area via the Columbia River and berth at one of the 

two new docks. Terminal operations would occur 24 hours per day, 7 days per week. The export 

terminal would be designed for a minimum 30-year period of operation. 

1.1.3 No-Action Alternative 

Under the No-Action Alternative, the U.S. Army Corps of Engineers would not issue the requested 

Department of the Army permit under the Clean Water Act Section 404 and the Rivers and Harbors 

Act Section 10. This permit is necessary to allow the Applicant to construct and operate the 

proposed export terminal.  

The Applicant plans to continue operating its existing bulk product terminal located adjacent to the 

On-Site Alternative project area, as well as expand this business whether or not a Department of the 

Army permit is issued. Ongoing operations would include storing and transporting alumina and 

small quantities of coal, and continued use of Dock 1. Maintenance of the existing bulk product 

terminal would continue, including maintenance dredging at the existing dock every 2 to 3 years. 

Under the terms of an existing lease, expanded operations could include increased storage and 

upland transfer of bulk products utilizing new and existing buildings. The Applicant would likely 

undertake demolition, construction, and other related activities to develop expanded bulk product 

terminal facilities.  

In addition to the current and planned activities, if the requested permit is not issued, the Applicant 

would intend to expand its bulk product terminal business onto areas that would have been subject 

to construction and operation of the proposed export terminal. In 2014, the Applicant described a 

future expansion scenario under No-Action Alternative that would involve handling bulk materials 

already permitted for off-loading at Dock 1. Additional bulk product transfer activities could involve 

products such as a calcine pet coke, coal tar pitch, cement, fly ash, and sand or gravel. While future 

expansion of the Applicant’s bulk product terminal business might not be limited to this scenario, it 

was analyzed to help provide context to a No-Action Alternative evaluation and because it is a 

reasonably foreseeable consequence of a Department of the Army denial.             

1.2 Regulatory Setting 
Different jurisdictions are responsible for the regulation of vessel transportation. These jurisdictions 

and their regulations, statutes, and guidance that apply to vessel transportation are summarized in 

Table 1. 
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Table 1. Conventions, Regulations, Statutes, and Guidelines for Vessel Transportation 

Convention, Regulation, Statute, 
Guideline Description 

International 

International Convention for the Safety of 
Life at Seas (SOLAS)  

Maintains global safety standards for international 
maritime shipping. In addition to the construction, 
navigation, life-saving, communications, and fire 
equipment requirements inherent to Chapters I through 
V of the Convention, SOLAS Chapter XII, Additional 
Safety Measures for Bulk Carriers, adopted by 
Conference in November 1997 and entered into force 
on 1 July 1999 covers specific, mandatory requirements 
for bulk carriers. The regulations provide structural and 
detection and alarm equipment requirements to 
prevent the catastrophic flooding of bulk carriers if a 
cargo hold is damaged. 

International Convention for the Prevention 
of Pollution from Ships (MARPOL 73/78) 

Annex I: Prevention of Pollution by Oil 

Annex II: Control of Pollution by Noxious 
Liquid Substances 

Annex IV: Prevention of Pollution by 
Sewage from Ships 

Annex V: Prevention of Pollution by 
Garbage from Ships 

Annex VI Prevention of Air Pollution from 
Ships 

International convention covering prevention of 
pollution of the marine environment by ships from 
operational or accidental causes. It is a combination of 
two treaties adopted in 1973 and 1978 respectively and 
updated by amendments through the years. Includes six 
technical annexes of which five apply to this project. 
Annexes I and II are implemented within U.S. legislation 
and require covered ships to carry a shipboard oil 
pollution emergency plan or SOPEP. Annexes III 
through VI are optional. The U.S. has accepted Annex V, 
which came into force on 31 December 1988, and 
Annex VI which was adopted by the U.S. on October 8, 
2008.  

International Ship and Port Facility Security 
(ISPS) Code 

Adopted under SOLAS in 2002; entered into force in 
2004. Contains detailed security-related requirements 
for Governments, port authorities, and shipping 
companies. 

International Maritime Solid Bulk Cargoes 
Code (IMSBC Code) 

Adopted under SOLAS in 2008; entered into force in 
2011. The aim of the mandatory IMSBC Code is to 
facilitate the safe stowage and shipment of solid bulk 
cargoes by providing information on the dangers 
associated with the shipment of certain types of cargo 
and instructions on the appropriate procedures to be 
adopted. 

International Regulations for Preventing 
Collisions at Sea, 1972 (known as 72 
COLREGS) 

COLREGS are regulations which aid mariners in safe 
navigation in International Waters or waters outside 
the COLREGS demarcation line which, for the Columbia 
River entrance, is a line drawn from the seaward 
extremity of the Columbia River North Jetty to the 
seaward extremity of the Columbia River South jetty. 

Standards of Training, Certification, and 
Watchkeeping (STCW) 1978 revised in 
1995 and 2010 

STCW standardizes the training, certification, and 
watchkeeping requirements for seafarers worldwide. 
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Convention, Regulation, Statute, 
Guideline Description 

Federal 

National Environmental Policy Act (42 USC 
4321 et seq.)  

Requires the consideration of potential environmental 
effects. NEPA implementation procedures are set forth 
in the President’s Council on Environmental Quality’s 
Regulations for Implementing NEPA (49 CFR 1105). 

U.S. Army Corps of Engineers NEPA 
Environmental Regulations (33 CFR 230) 

Provide guidance for implementing the procedural 
provisions of NEPA for the Corps. It supplements CEQ 
regulations 40 CFR 1500‒1508. 

46 USC (Shipping) Chapter 33 (Inspection) Consolidates the laws governing the inspection and 
certification of vessels by USCG. 

Ports and Waterways Safety Act of 1972 

(33 USC 1221 et seq.) 

Provides for the protection and “safe use” of a U.S. port 
(includes the marine environment, the navigation 
channel, and structures in, on, or immediately adjacent 
to the navigable waters) and for the protection against 
the degradation of the marine environment. 

Port and Tanker Safety Act of 1978 
(amended the PWSA). Relevant regulations 
are 33 CFR 161 and 164. 

Addresses improvements in the supervision and control 
over all types of vessels, foreign and domestic, 
operating in the U.S. navigable waters. Additionally, the 
PTSA addresses improvements in the control and 
monitoring of vessels operating in offshore waters near 
U.S. coastline, and vessel staffing and piloting standards. 

Nonindigenous Aquatic Nuisance 
Prevention and Control Act of 1990 as 
amended by the National Invasive Species 
Act of 1996 (16 USC 4711(c)(2)) Relevant 
regulations are 33 CFR 151 and 46 CFR 162. 

Requires the Secretary of Homeland Security to ensure 
to the maximum extent practicable that aquatic 
nuisance species are not discharged into waters of the 
U.S. from vessels. Also allows the Secretary to approve 
the use of certain alternative BWM methods. 

Maritime Transportation Security Act of 
2002 (46 USC 701). Relevant regulations 
are 33 CFR 101 and 105. 

Requires a comprehensive maritime security 
framework that includes planning, personnel security, 
and monitoring of port facilities, and cargo. Aligned, 
where appropriate, the requirements of domestic 
maritime security regulations with the international 
maritime security standards in the International 
Convention for the Safety of Life at Sea, 1974, and the 
International Code for the Security of Ships and of Port 
Facilities to ensure security arrangements in the U.S. are 
as compatible as possible for vessels trading 
internationally. 

Federal Water Pollution Control Act, as 
amended by Section 4202 of the Oil and 
Pollution Act of 1990 (33 USC 1321). 
Relevant regulations are the National Oil 
and Hazardous Substances Pollution 
Contingency Plan (40 CFR 300) and 33 CFR 
155.5010–5075. 

Requires owners or operators of tank and nontank 
vessels to prepare and submit oil or hazardous 
substance discharge response plans for certain vessels 
operating on the navigable waters of the United States. 

The Act to Prevent Pollution from Ships (33 
U.S.C. 1901 et. seq.) 

Implementing U.S. legislation for MARPOL and Annexes 
I and II.  

Maritime Transportation Security Act 
(MTSA) 2002 

Implements ISPS for U.S. vessels and foreign vessels 
visiting U.S. waters and ports. 

33 CFR 80-82 International Navigation Rules.  
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Convention, Regulation, Statute, 
Guideline Description 

33 CFR, 46 CFR, and 49 CFR These regulations incorporate international laws to 
which the U.S. is signatory as well as various 
classification society and industry technical standards 
governing the inspection, control, and pollution 
prevention requirements for vessels. For example, 
MTSA 2002 requirements for vessels are regulated in 
accordance with 33 CFR Part 104. 

Washington State 

Washington State Environmental Policy Act 
(WAC 197-11, RCW 43.21C) 

Requires state and local agencies in Washington to 
identify potential environmental impacts that could 
result from governmental decisions. 

Washington State Ballast Water 
Management Rules (WAC 220-150) 
(Statutory Authority: RCW 77.120). 

Requires the owner/operator in charge of a vessel 300 
gross tons or more, U.S. and foreign, carrying or capable 
of carrying ballast water into the waters of the State to 
file a ballast water reporting form at least 24 hours 
prior to arrival into waters of the State and to ensure 
that the vessel does not discharge ballast water into the 
waters of the State except as authorized by the law. 

Washington State Bunkering Operations 
(WAC 317-40) (Statutory Authority: RCW 
88.46.170) 

Establishes minimum standards for safe bunkering 
(transfer of fuel to a vessel) operations to reduce the 
likelihood of an oil spill.  

Washington State Oil Spill Contingency Plan 
Requirements (WAC 173-182) (Statutory 
Authority: RCW 88.46, 90.56, and 90.48) 

Requires that cargo vessels (self-propelled ships in 
commerce) 300 or more gross tons (other than a 
passenger vessel or tank vessel) submit a contingency 
plan for the containment and cleanup of oil spills from 
the covered vessel into the waters of the State and for 
the protection of fisheries and wildlife, shellfish beds, 
natural resources, and public and private property from 
such spills. Alternatively, the contingency plan for a 
cargo vessel may be submitted by the agent for the 
vessel or by a nonprofit corporation established for the 
purpose of oil spill response and contingency plan 
coverage and of which the owner/operator is a 
member. 

Washington State Vessel Oil Transfer 
Advance Notice and Containment 
Requirements (WAC 173-184) 

Requires facility or vessel operators who transfer oil to 
provide the state with a 24-hour advance notice of 
transfer. 

Washington State Cargo Vessel Boarding 
and Inspection (WAC 317-31) 

Cargo vessels 300 or more gross tons shall submit a 
notice of entry at least 24 hours before the vessel enters 
state waters and be subject to boarding and inspection 
by state inspectors to ensure compliance with accepted 
industry standards. 

Oregon State  

OAR (Division 143, Sections 340-143-0001 
through 340-143-0060) (Statutory 
Authority: ORS 468.020, 783.620-640) 

Oregon Department of Environmental Quality enforces 
ballast water management requirements that are 
essentially the same as federal regulations 
(administered by the USCG).  
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Convention, Regulation, Statute, 
Guideline Description 

OAR 856-010-0003 through 0060 and 856-
030-0000 through 0045 (Statutory 
Authority: ORS Title 58 Chapter 776). 

Oregon State Board of Maritime Pilots Rules cover the 
organization, governance of, training, licensing, accident 
reporting, and other requirements concerning the 
pilotage of vessels in Oregon state waters, including the 
Columbia River. 

OAR Division 141, Sections 340-141-0001 
through 340-141-0240 (Statutory Authority 
ORS Chapter 468.020, 468B.345-468B.390) 

Oregon Department of Environmental Quality State Oil 
Spill Contingency Plan requirements for cargo vessels 
(self-propelled ships in commerce) 300 or more gross 
tons (other than a tank vessel or a passenger vessel). 

Local 

Cowlitz County SEPA Regulations  
(CCC Code 19.11) 

Provide for the implementation of SEPA in Cowlitz 
County. 

Notes: 
USC = United States Code; NEPA = National Environmental Policy Act; CFR = Code of Federal Regulations; CEQ = 
Council on Environmental Quality; PWSA = Ports and Waterways Safety Act; PTSA = Port and Tanker Safety Act; 
NANPCA = Nonindigenous Aquatic Nuisance Prevention and Control Act; NISA = National Invasive Species Act; 
BWM = ballast water management; OPA 90 = Oil and Pollution Act of 1990; WAC = Washington Administrative 
Code; RCW = Revised Code of Washington; ORS = Oregon Revised Standards; USCG = U.S. Coast Guard; City = City 
of Longview; County = Cowlitz County; OAR = Oregon State Administrative Rules; MARPOL = International 
Convention for the Prevention of Pollution from Ships; SEPA = Washington State Environmental Policy Act 

1.3 Study Area  
The study area for vessel transportation are the same for both the On-Site Alternative and Off-Site 

Alternative. The study area for direct impacts is the area surrounding the proposed docks where 

vessel loading would occur. The study area for indirect impacts includes the waterways used by, or 

that could be affected by, vessels calling at the project areas. It includes the Lower Columbia River to 

Vancouver, Washington,3 and the Willamette River upriver to the Port of Portland (Figure 4).  

                                                             
3 For purposes of this EIS, the Lower Columbia River ends at the landward limit of the Territorial Sea, which is a 
line drawn between the seaward tips of the North Jetty and South Jetty. The Port of Vancouver is the furthest 
upriver port receiving large commercial vessels.  
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Figure 4.  Study Area for Vessel Transportation 
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Chapter 2 
Affected Environment 

This chapter explains the methods for assessing the affected environment and determining impacts 

and describes the affected environment in the study areas as it pertains to vessel transportation. 

2.1 Methods  
This section describes the sources of information and methods used to characterize the affected 

environment and assess the potential impacts of the On-Site Alternative, Off-Site Alternative, and 

No-Action Alternative on vessel transportation.  

2.1.1 Data Sources 

Data for the vessel transportation analysis were obtained from stakeholder interviews and the 

following sources of information. 

 Detailed vessel transportation data from the Columbia River Bar Pilots (Bar Pilots) included 

information provided by the Applicant (URS Corporation 2014) was validated during a meeting 

with the Bar Pilots. The information and other data obtained from the pilots are the basis for 

historical vessel transportation type and volumes. Washington State Department of Ecology 

(Ecology)] Vessel Entries and Transits (VEAT) data were used for comparison with the Bar Pilot 

data. 

 The Columbia River Pilots (River Pilots) representatives provided information on vessel traffic 

management within the Columbia River and vessel docking issues at the existing dock at the 

project area for the On-Site Alternative. 

 Merchants Exchange of Portland, Oregon (PDXMEX), representatives provided a synopsis of its 

operations, which consist of vessel tracking (through the Automatic Identification System [AIS]), 

data collection, and information exchange (via telephone, radio, and website). AIS data from 

2014 were also provided and served as the basis for characterizing current vessel traffic mix 

and densities, as described further in Section 2.1.2, Impact Analysis.  

 AIS data from 2014 were used to characterize existing (2014) vessel distribution and density. 

 Coast Pilot 7 (Pacific Coast: California, Oregon, Washington, Hawaii, and Pacific Islands) (National 

Oceanic and Atmospheric Administration 2014) and the Lower Columbia Region Harbor Safety 

Plan (Lower Columbia Region Harbor Safety Committee 2013) provided information on the 

vessel transportation characteristics of the study areas.  

 The following data were used as part of the risk analysis. 

 AIS data to establish baseline (2014) vessel types, sizes, routes, and transit frequencies 

between the Columbia River mouth and Longview. 

 Data on historical vessel incidents and severity, based on the U.S. Coast Guard (USCG) 

Marine Information for Safety and Law Enforcement (MISLE) database from 2001 to 2014. 
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 Data on reported oil spills in the Columbia and Willamette Rivers from the following three 

databases for the period between January 1, 2004, and December 31, 2014:4 USCG MISLE 

database, Ecology’s Environmental Report Tracking System (ERTS) database, which records 

all incidents reported to the state, and Ecology’s Spills Program Incident Information (SPIIS) 

database, which records spills reported to the state. 

 Information also was collected during visits to the project areas on October 14, 2014.  

2.1.2 Impact Analysis  

For the purposes of this analysis, construction impacts are based on the peak construction period, 

and operations impacts are based on maximum export terminal throughput capacity (up to 44 

million metric tons per year). The following methods were used to evaluate the potential impacts of 

the On-Site Alternative, Off-Site Alternative, and No-Action Alternative on vessel transportation.  

 The vessel transportation route, navigational considerations, historical and current vessel traffic 

patterns, and the systems in place to monitor and control vessel traffic along that route were 

described based on information gathered through the sources described in Section 2.1.1, Data 

Sources.  

 Construction-related impacts were qualitatively assessed based on the relative increase in 

activity in and around the project areas and the potential to disturb ongoing vessel 

transportation. 

 Operations-related impacts at the project areas (direct impacts) were qualitatively evaluated in 

terms of the increased potential for vessel-related incidents to occur. 

 Operations-related impacts during vessel transit (indirect impacts) were evaluated both 

qualitatively and quantitatively to determine the potential for increased risks. Historical vessel 

incident data were evaluated to characterize the nature and magnitude of vessel incidents that 

have occurred on the Columbia River in the project areas.  

 The potential for vessel incidents (i.e., allisions,5 collisions, groundings, and fire/explosions by 

project-related vessels during transit) was modeled for current conditions, the On-Site 

Alternative, Off-Site Alternative, and No-Action Alternative. The potential for allisions during 

transit was qualitatively assessed. 

 The incident frequencies were estimated using the Marine Accident Risk Calculation System 

model and were limited to the area evaluated in the study (Appendix A, Navigation Risk 

Study). 

 The number of trips for non-project-related vessels were derived from 2014 AIS data for all 

vessel types. An increase of 1% per year was applied to the 2014 AIS data through 2028 for 

the No-Action Alternative to reflect the increase in vessel traffic.6 The number of vessels 

                                                             
4 When the information from these three datasets were combined, all duplicate entries were removed and only 
incidents with actual reported spills of petroleum or petroleum products were considered in the development of 
the baseline oil spill frequency for the study area. 
5 An allision occurs when a vessel strikes a fixed structure, such as a dock or a vessel at berth. 
6 Marine and industrial developments are assumed to continue over time at Columbia River ports in response to 
regional and national economic trends and regional commodity demands. Additional vessel traffic projections from 
reasonably foreseeable future projects are taken into account in the risk study (Appendix A, Navigation Risk Study) 
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under the proposed project was added to this total to determine the incremental increase in 

the likelihood of the modeled incidents occurring. 

 To provide context for understanding the relative consequences of a collision, grounding or 

allision incident, a survey of USCG MISLE database was conducted for years 2001 to 2014. This 

period was chosen because it covers more than 99% of all reported collision, grounding, and 

allision incidents in the dataset. Data surveys were conducted for the national dataset and for 

the Lower Columbia River separately to test for the differences in the distribution of incident 

severity between the two.  

 Increased risks of bunker oil spills were addressed both quantitatively and qualitatively.  

 The potential for a bunker oil spill to occur as the result of an incident was modeled using 

the NAPA model (DNV GL 2016). Using Monte Carlo simulations, in accordance with 

International Maritime Organization Resolution MEPC.110(49)7 - Probabilistic Methodology 

for Calculating Oil Outflow, the model estimates oil outflow volumes based on the number of 

damaged cargo tanks and interaction with tidal influences. Monte Carlo simulations were 

run for 50,000 damage cases to estimate the potential variability in impact and oil outflow 

volumes. 

 The potential for releases to occur during bunkering was qualitatively assessed based on the 

relative increase in vessel transportation. 

2.2 Affected Environment 
This section addresses the affected environment related to vessel transportation in the study areas, 

including the marine environment, navigation channel and other features; vessel traffic, vessel 

traffic management, vessel casualty and spill surveys; and incident management. 

2.2.1 Marine Environment 

Conditions of the marine environment in the study areas that can affect vessel transportation 

include winds, longshore and tidal currents, river flows, swells and waves, and extreme weather. 

These elements are described below by portion of the Lower Columbia River. 

2.2.1.1 Pacific Ocean—Offshore of the Columbia River 

Conditions in the Pacific Ocean near the mouth of the Columbia River can vary greatly depending 

upon the time of year. Prevailing winds and seasonal patterns have the greatest effect on offshore 

conditions. Coast Pilot 7 (National Oceanic and Atmospheric Administration 2014: 261–265) 

provides a thorough discussion of weather in the Pacific Ocean off the West Coast and a brief 

synopsis of what vessel captains transiting along the U.S. coastline can expect: 

The route along the California-Oregon-Washington coast frequently must be navigated in thick 
weather. Most of the courses are long, and the effect of currents is uncertain (p. 265). 

                                                             
and a 1% estimated growth rate is applied project an increase in vessel traffic that are not reasonably foreseeable 
at the time of the analysis. 
7 The Marine Environment Protection Committee (MEPC) is a subsidiary body of the International Maritime 
Organization Council. 
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Longshore currents that generally flow to the north in winter and to the south in summer also affect 

vessel navigation, although not as much as tidal current and river flows  

Average winter daytime temperatures vary from the upper forties (48 to 49) of degrees Fahrenheit 

(°F) near the mouth to the upper thirties (39°F) at Vancouver, Washington, and Portland, Oregon. At 

night, the coastal temperatures range within the mid- to high-thirties (35 to 37°F) compared to the 

low- to mid-thirties (32 to 37°F) further inland near Vancouver and Portland. Snowfall is not 

common west of Vancouver. Average annual snowfall in Vancouver is 2 inches and occurs in higher 

elevations of the city.  

Although winds are strongest in late fall and winter, they seldom reach gale force along the 

Columbia River. The strongest winds are usually out of the south or southwest. Wind flow is 

generally from the east through southeast in winter, and wind speeds reach 17 knots or more about 

5 to 10% of the time.  

Spring temperatures rise slowly near the Columbia River mouth, compared to the rate of 

temperature rise further upriver. By April, daytime temperatures in Vancouver average in the low-

60s (°F) versus the mid-50s in the towns closer to the Columbia River mouth. Spring and summer 

typically have northwest and west wind patterns that often clash with river outflows. The volume of 

water flowing from the Columbia River and the force of impact with ocean conditions can combine 

to create daunting sea conditions. Nevertheless. Summer winds generally remain light and have a 

cooling effect keeping average daytime temperatures below 70°F at Astoria and below 80°F at 

Portland. Toward late summer, fog becomes a hazard near the river mouth and visibilities fall below 

0.5 mile on about 4 days in August. Fog spreads upstream to Portland by September. During the fall, 

fog reduces visibility to less than 0.5 mile on 4 to 8 days per month. 

River current always flows out, but with wide variations in flow rate and volume. The outflow from 

the Columbia River is a combination of tidal currents with river discharge. At times, currents reach a 

velocity of over 5 knots on the ebb; on the flood they seldom exceed a velocity of 4 knots.  

2.2.1.2 Columbia River Bar 

The Bar is a system of bars and shoals just seaward of the mouth of the Columbia River (Figure 4). 

The bar is about 3 miles wide and 6 miles long and is where the energy of the river's current 

dissipates into the Pacific Ocean, often as large standing waves (one meter/3.28 feet or more) 

(Jordan pers. comm. B). The waves result from the bottom contours of the bar area, the mixing of 

fresh and saltwater, and environmental conditions.  

Tide, current, swell, and wind—direction and velocity—all affect bar conditions. Current velocity 

typically ranges from 4 to 7 knots westward into the predominantly westerly winds and ocean 

swells, creating significant disturbances of the water column and waves. There are two full tidal 

current ebb and flood cycles each day, and conditions at the bar can change unpredictably in a short 

time period with the tidal flow. Worst-case conditions typically occur when onshore winds and tidal 

ebb combine with the river flow. When this happens, the effects can change unpredictably in a very 

short time as the tidal flow cycles. 

2.2.1.3 Columbia River 

The tidal range at the mouth of the Columbia River is approximately 5.6 feet with mean higher high 

water measured at 7.5 feet in 2013 (National Oceanic and Atmospheric Administration 2014). At 

http://en.wikipedia.org/wiki/Bar_(landform)
http://en.wikipedia.org/wiki/Shoal
http://en.wikipedia.org/wiki/Columbia_River
http://en.wikipedia.org/wiki/Pacific_Ocean
http://en.wikipedia.org/wiki/Knot_(unit)
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Portland and Vancouver the tidal range is approximately 2.3 feet with mean higher high water 

measured at 8.7 feet in 2013 (National Oceanic and Atmospheric Administration [NOAA] tides and 

water levels station 9440083). The Columbia River experiences a mixed semidiurnal tide cycle. This 

means that there are two high and two low high tides of different size every lunar day. Moreover, the 

river flow combines with the tides to influence tidal heights. For example, during the spring when 

the river flow peaks, tidal height is increased by additional water flowing through the river. This 

phenomenon is referred to as freshet (National Oceanic and Atmospheric Administration 2009). 

Annual freshets have little effect on the tide range at the mouth of the Columbia River; however, at 

Portland and Vancouver they average about 12 feet with the highest-known level of 33 feet at 

Portland. Typically, tidal influence reaches as far as the Portland/Vancouver area. However, tidal 

effects can be felt to as much as 140 miles upriver under low-flow conditions.  

The average annual flow for the Columbia River at Beaver Army Terminal near Quincy, Oregon8 is 

approximately 236,600 cubic feet per second (cfs) (1 cfs = 448.8 gallons per minute). The river’s 

annual discharge rate fluctuates with precipitation and ranges from 63,600 cfs in a low water year 

to 864,000 cfs in a high water year (U.S. Geological Survey 2014). The flow is driven primarily by the 

outflow from the dams on the upper portion of the river, which varies with both snowmelt and 

rainfall.  

2.2.2 Columbia River Navigation Channel 

The Washington-Oregon border follows the Columbia River (Figure 4). The portion of the channel at 

the mouth of the Columbia River, referred to as the Bar, is 6 miles long, extending 3 nautical miles9 

into the Pacific Ocean from the mouth of the river to 3 miles up the river. From this point at 3 miles 

upstream, the channel continues along the Columbia River upstream to river mile (RM) 106.5, at the 

Port of Vancouver, and 11.6 miles along the Willamette River from its confluence with the Columbia 

River to Broadway Bridge in Portland. These portions of the channel are described in more detail 

below. 

Although some areas of the navigation channel are dredged into rock, the channel sides consist 

primarily of loose, unconsolidated sediments. However, there may be areas of submerged objects or 

rocky bottom. The River Pilots describe the banks of the river and the edges of the channel as 

generally soft with no major risks to vessels from a potential grounding (Amos pers. comm.). 

The channel is shown on NOAA charts beginning with Chart No. 18521 at the mouth of the river, 

progressing to Chart No. 18524 at Longview and to Chart Numbers 18526 and 18527 at Portland 

and Vancouver (National Oceanic and Atmospheric Administration 2014).  

2.2.2.1 Columbia River Bar  

Descriptions on the U.S. Army Corps of Engineers (Corps), Portland District website note that “the 

Columbia River bar is the second-most treacherous in the world and the most treacherous in the 

United States” (U.S. Army Corps of Engineers 2015a). The Corps also notes that maintaining the 

channel to its authorized depth ensures safe passage for commercial and recreational vessels. The 

channel varies from 2,000 feet wide and 55 feet deep to 640 feet wide and 48 feet deep. Dredging is 

                                                             
8 Approximately 12 river miles downstream of the project area. 
9 Offshore distances are recorded in terms of nautical miles and inshore distances and river distances are given in 
terms of statute miles. 
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possible only during the calmer weather period from June to early November. Up to 5 feet of over-

depth dredging may be approved to ensure authorized project depth in between dredging cycles. In 

some locations an additional 1 to 2 feet of depth may be authorized. 

The Corps maintains three jetties at the mouth of the Columbia River (Figure 4). The north jetty (2.5 

miles long) and Jetty “A” (0.3 mile long) are on the Washington side of the mouth. The south jetty 

(6.6 miles long) is on the Oregon side. The jetties do not block waves but are aligned to focus the 

river flow to help keep the channel at the mouth of the river clear. 

2.2.2.2 Columbia River  

The Rivers and Harbors Act of 1878, authorized the original channel, and subsequent acts increased 

the authorized dimensions. The Water Resources Development Act of 1999 authorized deepening 

the channel to its present 43 feet from 40 feet. Depths are referenced to the Columbia River Datum, 

which is 2.32 feet above the North American Vertical Datum of 1988 at RM 61.7. 

The deepening of the channel was undertaken to “accommodate the current fleet of international 

bulk cargo and container ships” and was completed in 2010 (U.S. Army Corps of Engineers 2015a). 

Detailed information is available on the Corps’ Portland District website, including the Columbia 

River Federal Navigation Channel Operations and Maintenance Dredging and Dredged Material 

Placement Network Update, River Miles 3 to 106.5, Washington and Oregon (U.S. Army Corps of 

Engineers 2014). 

The Columbia River navigation channel is maintained to the following dimensions (U.S. Army Corps 

of Engineers 2015b). 

 From the Columbia River entrance at RM 3.0 to Vancouver, at RM 101.4: 43 feet deep and 600 

feet wide. 

 From RM 101.4 to RM 105.5 at Vancouver: 43 feet deep and 400 feet wide. 

 From RM 105.5 to RM 106.5 at Vancouver: 35 feet deep and 500 feet wide.  

The navigation channel also includes anchorages and turning basins, discussed below in 

Section 2.2.3.2, Anchorages and Turning Basins.  

2.2.2.3 Willamette River 

The portion of the navigation channel in the Willamette River is 43 feet deep and runs along the 

lower 11.6 miles of the Willamette River from its confluence with the Columbia River to the 

Broadway Bridge in Portland, at Willamette RM 11.6.10  

2.2.3 Ports, Anchorages, and Other Features  

This section describes ports, anchorages, and other physical features along the navigation channel.  

                                                             
10 Unless specifically referred to as Willamette RM, all references to river mile (RM) in this report apply to the 
Columbia River. 
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2.2.3.1 Ports  

Table 2 lists the ports in the Lower Columbia River with berthing for large vessels along with their 

locations and facilities. Figure 4 shows the locations of these ports.  

Table 2.  Ports in the Lower Columbia River 

Port  Location Facilities 

Port of Astoria, Oregon RM 12 Three deep-draft berths; additional berths for small 
commercial fishing vessels and research vessels; 
two marinas and a boatyard; two anchorages 

Port of St. Helens, Port 
Westward Industrial Facility, 
near Clatskanie, OR 

RM 53 One dock and one deep-water berth 

Port of Longview, WA RM 65 Eight marine terminals containing a total of eight 
berths 

Port of Kalama, WA RM 75  Seven marine terminals: two grain elevators, one 
general cargo dock, one barge dock, one liquid bulk 
facility, one lumber barge berth, and one deep-draft 
wharf 

Port of Portland, OR RM 100 Four marine terminals containing a total of 18 
berths 

Port of Vancouver, WA  RM 106.5 Four marine terminals containing a total of 13 
berths 

Notes: 
RM = river mile 

2.2.3.2 Anchorages and Turning Basins 

This section describes anchorages and turning basins in the Lower Columbia River.  

Vessels anchor within the Columbia River system for a variety of reasons, planned (e.g., to take on 

fuel, to wait for a berth) or unplanned (e.g., mechanical repairs, to wait for better weather 

conditions). In anticipation of this need, USCG has designated 11 locations for vessels to anchor. 

Each location has specific characteristics with which vessel masters, crews, and pilots must be 

familiar. Designated anchorages, as identified by USCG and described in 33 Code of Federal 

Regulations (CFR) 110.228 (Columbia River, Oregon and Washington), are listed in Table 3 and 

depicted in Figure 4. 

The Corps’ regulations establish the operational rules for the anchorages, including a requirement 

that vessels desiring to anchor must contact the pilot office that manages the anchorage to request a 

position assignment. The Bar Pilots manage Astoria North and Astoria South anchorages. The River 

Pilots manage the anchorages upriver from Astoria. The rules also specify that no vessel may occupy 

a designated anchorage for more than 30 consecutive days without permission from the USCG 

Captain of the Port (COTP). 

The Lower Vancouver and Upper Vancouver anchorages are the only anchorage areas maintained by 

the Corps as part of the Columbia River navigation channel. The other designated anchorages are at 

sites identified as naturally deep locations, although shoaling does occur to some extent and 

dredging is occasionally necessary.  
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Although the anchorages downstream of the project areas (Astoria North and South) can 

accommodate deep-draft vessels, use by vessels with drafts of more than 28 feet (at the Astoria 

North Anchorage) are not recommended due to the probability of dragging anchor. However, a deep 

anchorage position at Astoria North, referred to as The Hole, is normally kept vacant for deep-draft 

vessels in unusual situations or emergencies or for short-term anchoring (Lower Columbia Region 

Harbor Safety Committee 2013: 9). The Prescott and Upper Vancouver anchorages have stern 

mooring buoys that help prevent larger vessels using the anchorage from swinging into the 

navigation channel while at anchorage. 

Table 3.  Anchorages in the Lower Columbia River 

IDa Anchorage Name River Miles 

Range of 
Depth(s) 

(feet) 
Maximum Vessel 
Size  

Vessel 
Capacity 

Stern 
Buoy?b 

A Astoria Northc 14–17.8 24–45+ Panamax 6 No 

B Astoria South 15–18.2 20–45+ Handymax 4 No 

C Longview 64–66 29–40+ Handymax 5 No 

D Cottonwood Island 66.7–71.2 19–40+ Handymax 13 No 

E Prescott 72.1–72.5 52–65+ Panamaxe 1 Yes (1) 

F Kalama 73.2–76.2 26–40+ Panamax 7 No 

G Woodlandd 83.6–84.3 8–40+ <600 feet LOA 3 No 

H Henrici Bard 91.6–93.9 22–33+ <600 feet LOA 8 No 

I Lower Vancouver 96.2–101.0 50+ <600 feet LOA 14 No 

J Kelly Point 101.6–102.0 25–40+ Panamax 1 No 

K Upper Vancouver 102.6–105.2 35–50+ Panamax or larger 7 Yes (2) 

Notes: 
a Identification letter corresponds to letters in Figure 4. 
b Number in parentheses reflects the number of stern buoys maintained at the anchorage. 
c This anchorage is generally reserved for large and deeply laden vessels as determined by Columbia River 

Pilots. 
d Remote and not currently in use. 
Source: Lower Columbia Region Harbor Safety Committee 2013; U.S. Army Corps of Engineers 2015b 
LOA = length overall 

Four turning basins are in the Lower Columbia River (Figure 4). Turning basins are generally wider 

areas along a channel dredged to the same depth as the channel, where vessel masters and pilots 

have maneuvering room to turn vessels for the purposes of pointing the bow of the vessel in the 

direction of transit.  

2.2.3.3 Bridges 

Two bridges cross the navigation channel at and downstream of the Longview area: the Astoria-

Megler Bridge and Lewis and Clark Bridge. 

 Astoria-Megler Bridge crosses the Columbia River between Astoria, Oregon, just inland of the 

Port of Astoria, and Point Ellice, near Megler, Washington. It has a vertical clearance of 205 feet 

and a horizontal clearance of 1,070 feet.  

 Lewis and Clark Bridge crosses the Columbia River between Longview, Washington, and Rainier, 

Oregon. It has a vertical clearance of 187 feet and a horizontal clearance of 1,120 feet. This 
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bridge is upstream from the project areas, and project-related vessels would not pass through 

this bridge under normal operations. 

2.2.3.4 Ferries 

One ferry, the Wahkiakum County, Washington, Ferry, crosses the river between Puget Island, 

Washington, and Westport, Oregon, at RM 37.4. It is the only ferry crossing downstream of the 

project areas.  

2.2.4 Large Commercial Vessel Traffic 

This section focuses on commercial vessels—excluding fishing vessels and smaller commercial 

passenger vessels11—calling at ports in the Lower Columbia River. For the purposes of this report, 

these vessels are referred to as large commercial vessels. They are primarily cargo vessels, ships and 

barges carrying various cargo (i.e., dry bulk, automobiles, containers, bulk liquids, and other general 

cargo). These vessels comprise most, if not all, of the deep-draft vessels, which are restricted to 

movement in the navigation channel, as well as other commercial vessels with shallower drafts that 

are able to navigate outside of the channel. Commercial fishing vessels and smaller commercial 

passenger vessels, as well as recreational vessels and service vessels, are discussed in Section 2.2.5, 

Other Vessel Traffic. 

The following sections describe types and amounts of cargo transported, vessel types, and traffic 

volumes for commercial vessels in the Lower Columbia River.  

2.2.4.1 Cargo Types and Amounts 

Table 4 presents the types and amounts of cargo transported along the Columbia River. The 

amounts and percentages in the table reflect average annual gross tonnage for the period 2004 to 

2014, based on Bar Pilots data (Jordan pers. comm. A).  

The following types of cargo are transported along the Columbia River. 

 Dry bulk, primarily grain (wheat and corn) and oilseeds (soybeans), as well as wood (logs and 

chips), potash, coal, and alumina 

 Automobiles 

 Containers  

 General cargo, primarily iron and steel, machinery, and other general cargo that is not 

containerized or bulk 

 Bulk liquids, primarily petroleum products  

The primary growth areas in recent years have been in dry bulk and automobile traffic. 

                                                             
11 Includes passenger car ferry and overnight and daytime vessels. 
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Table 4. Cargo Types and Corresponding Average Annual Gross Tonnage (2004–2014) 

Cargo Type Gross Tonnage Percentagea of Total Cargo Moved 

Dry bulk 44,551,063 47.3 

Automobiles 20,986,525 22.3 

Containers 11,187,455 11.9 

General cargo 7,447,913 7.9 

Bulk liquid 4,127,333 4.4 

Otherb 5,912,903 6.3 

Total 94,213,193 100 

Notes: 
a Percentages refer to gross tonnage to better represent the approximate quantities of various commodities 

moved along the Columbia River. 
b Miscellaneous gross tonnage accounting for vessel movements from one berth to another, passenger vessels, 

tugs, and empty barge movements. 
c Numbers are rounded up. 
Source: Jordan pers. comm. A.  

2.2.4.2 Types of Large Commercial Vessels  

The types of large commercial vessels in the Lower Columbia River are listed below by four broad 

categories. 

 Cargo ships 

 Tankers carrying bulk liquids  

 Container ships carrying containerized cargo 

 Dry bulk carriers carrying forest products and steel, ore, grain, potash, and other dry bulk 

cargoes 

 General cargo ships carrying steel, machinery, and other general cargo that is not 

containerized or bulk. 

 Automobile carriers  

 Barges  

 Tank barges (including articulated tug barges [ATBs]12) carrying bulk liquids 

 Other cargo barges carrying dry bulk, containerized and other cargo 

 Passenger cruise ships  

 Other13 

Table 5 presents typical specifications for these vessels and example images.  

                                                             
12 An articulated tug barge, or ATB, is a tank barge that is propelled and maneuvered by a high-powered tug 
positioned in a notch in its stern. 
13 Includes bunkers and other vessel types that occur only occasionally (e.g., military, research, and 
industrial/marine construction vessels). 
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Table 5. Types of Large Commercial Vessels in the Lower Columbia River 

Vessel 
Category Vessel Types 

Typical Vessel 
Specifications Example Photos 

Cargo ships Dry bulk cargo 
ships (bulkers), 
container ships, 
general cargo 
ships, automobile 
carriers 

Dry bulk, container, 
and general cargo 
ships: 

DWT: 50,000–80,000, 

Length: 650–965 feet 

Beam: 100- 106 feet 

Draft: 33–39.5 feet 

 
Bulk cargo ship (bulk carrier) 

  Automobile Carriers:  

DWT: 18,638  

Length 650 feet 

Bean: 105 feet 

Draft: 27 feet 

 
Automobile Carrier 

  Container ships:  

DWT: 57,088 

Length: 260 feet 

Beam: 33 feet 

Draft: 12.5 feet 

 
Container Ship 

https://brandcentral.dnvgl.com/fileroot/gallery/dnv/images/preview/556f96e5433f4b88b133f8adc42102d5p.jpg
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Vessel 
Category Vessel Types 

Typical Vessel 
Specifications Example Photos 

  Tankers 
DWT: 65,000–80,000 
Length: 965 feet 
Beam: 106 feet 
Draft: 41 feet 

 
Tanker 

Barges Cargo barges 
including tank 
barges, dry cargo 
barges and 
container barges 

Length: 132–286 feet 
Beam: 40–55 feet 
Draft: 8–17 feet 
DWT: N/A 
(Gross tons: 559–
2,700) 

 
Dry cargo barge  

Passenger 
cruise ships 

 Length: 560–965 feet 
Beam: 78–125 feet 
Draft: 18–29 feet 
DWT: 2,700–13,290  

 
Cruise ship 

Notes: 
DWT = deadweight tons; ATB = articulated tug barge 
Photo sources: MarineTraffic.com except for tanker, worldmaritimenews.com; and dry cargo barge, Tidewater.com. 

The vessels discussed in this section come in various sizes, as reflected by the ranges (e.g., width, 

draft) shown in Table 6. Cargo ships are categorized14 by their capacity and dimensions. The vessel 

classes that can be accommodated in the Lower Columbia River are listed in Table 6 with their 

typical dimensions and cargo capacities.  

                                                             
14 These category names often reflect the canal through which the vessels are designed to travel. 

http://www.tidewater.com/#!grain/c1onh
http://www.marinetraffic.com/en/photos/of/ships/shipid:711475/ship_name:REGATTA#132151
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Table 6.  Vessel Classes in Use on the Columbia River Navigation Channel 

Vessel Class 
Deadweight 
(tons) 

Length  
(feet) 

Beam 
(feet) 

Design Draft 

(feet) 

Handymax 10,000–49,999  490–655 75–105 36–39 

Panamax 50,000–79,999 965 106 39.5 

Post-Panamaxa Over 80,000 965 or greater 106 or greater 39.5 or greater 

Notes: 
a The Post-Panamax class, also referred to as New Panamax, is a new vessel class that reflects the expanded 

Panama Canal dimensions. 
Source: INTERCARGO 2015 

2.2.4.3 Tug Assistance 

Cargo and cruise ships require tugs (generally a minimum of two) to provide assistance during 

docking and undocking, because these vessels lack adequate maneuverability at slower speeds. 

These vessels also may rely on tugs in emergencies to assist, escort, and in some cases provide fire 

suppression. Tug escorts on the Columbia River are generally engaged only in unusual conditions 

(e.g., electronic equipment issue that would prevent safe navigation or inoperable vessel propulsion 

system at normal power levels) that can be mitigated by the tug escort. Most likely an unusual 

condition that requires a tug escort would be in effect for all portions of the transit (from crossing 

the bar to the final destination).  

Tugs are assigned, primarily for docking assistance, based on the minimum bollard pull required for 

a particular vessel type or operation. Shaver Transportation Company and Olympic Tug and Barge, 

both based in Portland, provide tugs suitable for ship assists in the Lower Columbia River. Based on 

the River Pilots’ Vessel Movement Guidelines, at least eight of Shaver’s 12 tugs are suitable for 

assisting Panamax and Handymax ships; one or two of Olympic’s four tugs are suitable (Columbia 

River Pilots 2014).  

Tugs also are used to tow and push barges between destinations in the Lower Columbia River for 

bunkering, fuel transport, and hauling cargo. The following companies provide barge towing in the 

Lower Columbia River: Bernert Barge Lines, Brusco, and Tidewater. 

2.2.4.4 Vessel Speed and Travel Times 

The vessels discussed in this section are primarily restricted to the navigation channel where traffic 

moves in two lanes: one lane inbound and one lane outbound. Vessel speeds generally range from 9 

to 15 knots in the Lower Columbia River, with the slower speeds in that range occurring while 

passing port areas; still slower speeds of between 6 and 9 knots occur while passing through 

anchorages (Appendix A, Navigation Risk Study). 

Travel time across the bar, between the offshore Pilot Station and Tongue Point, takes 

approximately 2 hours in either direction. River transits depend on the terminal origination or 

destination. As an example, the travel time from Tongue Point to Longview is approximately 5 hours 

inbound (generally vessels in ballast15) and about 6 hours outbound (generally loaded vessels). 

                                                             
15 Vessels in ballast are not loaded with cargo, but have had their tanks loaded with seawater to increase vessel 
stability; these vessels have less of a draft than when loaded. 
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Outbound transits generally take longer than inbound transits for two reasons: the majority of 

outbound vessels are loaded and, therefore, travel at reduced speeds; outbound transits are 

scheduled during high-tide conditions to maximize underkeel clearance 16 and, thus, are usually 

running against the force of a flood (incoming) tide. 

2.2.4.5 Existing and Historical Traffic  

This section describes existing (2014) vessel activity and distribution in the Lower Columbia River. 

It also describes the existing and historical traffic volumes over the past 11 years in the context of 

historical peak volumes prior to this period. 

Existing Commercial Vessel Traffic  

This section describes the volume and distribution of existing vessel traffic throughout most of the 

Lower Columbia River,17 based on 2014 AIS data (Appendix A, Navigation Risk Study). Figure 5 

depicts activity by vessel type at eight locations (Figure 6) in the Lower Columbia River based on 

2014 AIS data. The categories shown in Figure 5 that apply to large commercial vessels are Cargo 

Ships, Passenger (cruise ships and other large commercial passenger vessels), and, Tug/Tug with 

Barge.18 As shown in the figure, vessel activity is greatest near the mouth of the Columbia River. 

Much of this increased activity at these cross sections (Ilwaco West, Ilwaco East, and Astoria) is 

related to service and fishing vessel activity, discussed in Section 2.2.5, Other Vessel Traffic, below. 

Cargo ship activity remained fairly consistent across the eight cross sections. 

                                                             
16 Under-keel clearance is the amount of space between the hull of the vessel and the bottom of the channel. 
17 The 2014 AIS data were analyzed as part of the risk study (Appendix A, Navigation Risk Study). The upstream 
extent of the study area for risk is Longview. Therefore, this discussion does not include vessel activity in the study 
area upstream of Longview. 
18 Because barges do not have AIS receivers, barge numbers are captured as part of the tug data. The tug numbers 
include tugs traveling independently and tugs towing or pushing barges. Only the latter are considered large 
commercial vessels. The number of tug and barge units (cargo barges), including ATBs, entering and exiting the 
river are best represented by transits recorded for the Ilwaco locations; the increased tug activity in the upstream 
portions of the study area, especially near Longview and Wauna, likely represents tugs traveling independently to 
provide docking services and tugs shifting cargo barges between ports. 
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Figure 5.  Number of Transits per Location by Vessel Type (based on 2014 AIS Data) 

 

Figure 6.  Vessel Data Location Points 
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Characterizing existing port activity is another way to understand large commercial vessel activity. 

Types and uses of vessels calling at ports and transiting in the Lower Columbia River (Figure 4) are 

described below. 

 Port of Astoria primarily receives cruise ships, loggers and other cargo vessels, and other types 

of vessels (e.g., USCG, pollution control, commercial fishing, and recreational vessels). The Port 

reports approximately 230 vessel calls 19 at the Waterfront and Tongue Point berths in 2015 

(McGrath pers. comm.). 

 Port Westward Industrial Facility receives tankers and tank barges. 

 Port of Longview receives cargo ships and barges transporting various types of general and bulk 

cargo, including steel, lumber, logs, grain, minerals, alumina, fertilizers, pulp, paper, wind energy 

components, and heavy-lift cargo. The port reported 222 vessel calls in 2015, with a 5-year 

average of 205 vessel calls per year (Hendriksen pers. comm.). 

 Port of Kalama receives cargo ships and barges primarily transporting grain, but also bulk liquid 

chemicals and general cargo. The port reported 205 vessel calls in 2014 (Port of Kalama 2015). 

 Port of Portland receives cargo ships (mostly Handymax and Panamax) and barges, cruise ships, 

and other vessel types (e.g., other commercial passenger vessels, dredges, pollution control 

vessels). The cargo vessels transport all types of cargo. The port reported 513 and 352 vessel 

calls in 2014 and 2015, respectively (Myer pers. comm.). 

 Port of Vancouver receives cargo ships (Handymax and Panamax) and barges transporting 

grain, scrap, steel, automobiles, petroleum products, other dry and liquid bulk cargo, and other 

products. The port also receives commercial passenger vessels (not cruise ships) and dredges. 

The port reported 450 vessel calls per year in 2014 and 2015 (Ulgum pers. comm.). 

Historical Traffic Volumes 

This section describes historical commercial vessel traffic volumes in the study area. Table 7 shows 

annual vessel traffic volumes in the Lower Columbia River over an 11-year period (2004 to 2014), 

based on VEAT data and Bar Pilots’ records. The VEAT numbers reflect vessels entering the 

Columbia River, which is equivalent to vessel calls. The Bar Pilots record bar crossings, or entries to 

and exits from the Columbia River, which are equivalent to transits. A call typically results in two 

transits—an inbound transit and an outbound transit; therefore, the Bar Pilot transits were divided 

by two for ease of comparison with the VEAT calls in Table 7. As shown in the table, the calls based 

on Bar Pilots data are slightly higher than those based on VEAT data; this difference reflects that the 

Bar Pilots record some vessels that are not reported in the VEAT database and vice versa.20 As 

shown in Figure 7, despite these relatively minor differences, the two datasets produce very similar 

traffic volume curves over the 11-year period.  

                                                             
19 A call represents a visit to a port terminal. A vessel call typically results in two vessel transits: one inbound and 
one outbound. 
20 The Bar Pilots record several vessel types not recorded in the VEAT data: military vessels, research vessels, 
industrial/marine construction vessels, and dredges. The VEAT database records some passenger vessels not 
recorded by the Bar Pilots; while both record cruise ships, the VEAT data also include passenger ferries and inland 
passenger vessels used for such purposes as day trips and dinner cruises.  
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Table 7.  Columbia River Vessel Traffica Levels 

Year 

Callsb 

Bar Pilots Data VEAT Database 

2004 1,777 1,669 

2005 1,718 1,654 

2006 1,809 1,720 

2007 1,929 1,872 

2008 1,891 1,806 

2009 1,463 1,397 

2010 1,683 1,583 

2011 1,581 1,466 

2012 1,589 1,431 

2013 1,724 1,457 

2014 1,819 1,662 

Notes: 
a Tows consisting of tug and barge traffic, mostly for grain and wood products are not included in the data 

evaluated. For the most part, that traffic stops upriver from the project areas and is not monitored as closely as 
the deep-draft vessel traffic. 

b A vessel call represents a vessel’s entry to the river or its visit to a port.  
Sources: Jordan pers. comm. A; VEAT (Washington State Department of Ecology 2015). 

Figure 7.  Comparison of Vessel Calls Based on Bar Pilot and VEAT Data (2004–2014) 
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As shown in Table 7 and Figure 7, traffic volumes were similar in 2004 and 2014, but fluctuated 

within that period. For comparison, the historical peak vessel traffic year for the Columbia River is 

1999 with 2,269 calls based on VEAT data (Washington State Department of Ecology 2014), and 

1979 with 2,376 calls, based on the Bar Pilots data (Jordan pers. comm. A). Although vessel traffic 

volumes have been considerably lower over the past 11 years compared to these peak years, vessel 

sizes and total cargo tonnages have increased in recent years.  

The overall decrease in vessel traffic levels has been attributed to several factors. General economic 

conditions that affected industry levels nationally and worldwide have had commensurate impacts 

on regional activity and thus vessel traffic. On the other hand, the deepening of the Columbia River 

channel from 40 feet to 43 feet has allowed larger vessels with greater drafts to call at river ports, 

and vessels that previously had to be light-loaded to now be loaded to deeper drafts, which resulted 

in the need for fewer vessels to move a given volume of cargo. This is especially the case for the dry 

bulk cargo vessels that make up a high percentage of the river traffic (Krug pers. comm.; Myer pers. 

comm.; Amos pers. comm.; Jordan pers. comm. B). The changing nature of vessel design and the 

likely partial impact on vessel volumes in the Lower Columbia River is illustrative of the multiple 

factors that can affect vessel traffic volumes over time. 

Figure 8 shows annual vessel transits21 over the past 11 years by the four vessel categories: cargo 

ships, barges, passenger ships, and other (based on the Bar Pilots data [Jordan pers. comm. A). As 

shown in the figure, cargo ships22 (including tankers) constitute the largest percentage of vessel 

traffic in the Lower Columbia River (around 90% annually on average) over the 11-year period, 

while barges represent 3 to 10% and cruise ships less than 1%. The remainder, approximately 3%, 

consists of a mixture of other vessel types.23 

This cargo ship traffic can be broken down further into specific vessel types, based on the Bar Pilots 

records. Figure 9 shows transits of the cargo ship category shown in Figure 8 by cargo ship type. Dry 

cargo ship transits represent over half (between 50 and 60%) of the cargo ship traffic annually in 

the Lower Columbia River. The remainder (in descending order of magnitude) were automobile 

carriers, general cargo ships, container ships, and tankers.  

                                                             
21 These numbers only account for transits across the bar in either direction. They do not include any in-river 
transits from one terminal or port to another. Moreover, transit lengths vary: one transit may stop at Astoria while 
another may extend the length of the study area. 
22 Vessels categorized as cargo ships include vessels recorded in Bar Pilot data as general cargo ships, tankers, 
bulkers, loggers, auto carriers, chippers, and container ships.  
23 Vessels categorized as other include vessels recorded in Bar Pilot data as miscellaneous (occasional military 
vessel, research vessels, industrial/marine construction, dredges), bunkers, shipyard, and shifts. 
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Figure 8.  Vessel Traffic Volumes by Major Vessel Category (2004–2014) 

 

Figure 9. Percentage of Annual Cargo Ships by Vessel/Cargo Type (2004–2014) 
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2.2.5 Other Vessel Traffic 

The vessels discussed in this section include commercial fishing, recreational, smaller commercial 

passenger, and service vessels. These vessels are generally much smaller than the vessels discussed 

in the previous section and have different activity and transit patterns. Most can move about the 

river without being restricted to the navigation channel. Table 8 presents typical specifications for 

these vessels and example images. 

Table 8.  Other Vessel Types in the Lower Columbia River 

Vessel Type Typical Specifications Example Image 

Fishing vessels Length: 20–180 feet 

Beam: 8–45 feet 

Draft:: 3–15 feet 

 
Fishing (gillnetter) vessel  

Other commercial 
passenger vessels: car 
ferries, inland passenger 
ships, passenger ferries 

Car ferry: 

Length: 109.2 feet 

Breadth: 47.5 feet 

Draft: 6 feet 

 

Other commercial 
passenger vessel: 

Gross Tons: < 100 

Length: 80–150 feet  

Beam: 30–40 feet 

Draft: 6–12 feet 

 
Car ferry “Oscar B”  

 
River cruise vessel 
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Vessel Type Typical Specifications Example Image 

Recreational vessels, 
including pleasure boats, 
yachts, sailing vessels 

Length: 20–150 feet 

Beam: 8–40 feet 

Draft: 3–15 feet 

 
Pleasure craft 

Service vessels  

 

Military (USCG), law 
enforcement, pilot, and 
Aids to Navigation 
vessels  

U.S. Coast Guard vessels 
range in length from 22 
feet to over 300 feet.  

 

Vessel shown: 

Length: 47 feet  

Beam: 14 feet  

 

 

 

 

 

 

 

 

Pilot vessel (shown): 

Length: 72 feet  

Beam: 20 feet 

 

 

 

 

 

Pollution control 
vessels: 

Length: 20–40 feet  

Beam: 6–20 feet 

 
U.S. Coast Guard search and rescue vessel 

 
Pilot vessel COLUMBIA  
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Vessel Type Typical Specifications Example Image 

Tugs Length: 50–150 feet 

Beam: 26–35 feet 

Draft: 9–16 feet 

 
General tug 

Dredge vessels Vessel shown: 
Length: 200 feet  
Beam: 58 feet  

Draft: 16 feet 

 
Dredge vessel YAQUINA 

Notes:  
Photo sources: MarineTraffic.com, except fishing (gillnetter) vessel, WDFW Image Gallery; car ferry “Oscar B,” Daily 
Astorian; search and rescue vessel, News Lincoln County.  

2.2.5.1 Commercial Fishing 

Columbia River 

The Columbia River is divided into six commercial fishery management zones; of these, Zones 1 

through 3 and a portion of Zone 4 occur in the indirect impacts study area (NOAA Fisheries 2016). 

The commercial fisheries in these zones are managed by the states of Oregon and Washington. 

Zones 1 through 3 support important commercial shad, anchovy, herring, smelt, and salmon 

fisheries. Commercial fishers deploy gillnets, tangle-nets, or seins depending on species, season, and 

zone. Anchovies and herring may be taken for commercial purposes at any time in the Columbia 

River seaward of the Astoria-Megler Bridge (Figure 4). Commercial salmon seasons and authorized 

fishing gear are shown in Table 9. Shad typically can be taken for commercial purposes during 

commercial salmon seasons with the same fishing gear authorized for the taking of salmon. The 

retention of green sturgeon and white sturgeon was prohibited in the Columbia River downstream 

of Bonneville Dam beginning in 2006 and 2014, respectively. 
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Table 9.  Major Salmon Commercial Fishery Seasons in the Lower Columbia River 

Seasona Primary Species  Areas 
Authorized 
Method/Gear 

Winter (February–
March) 

Spring Chinook Select Area Fisheriesb Gillnets and tangle-
nets 

Spring (April–June) Spring Chinook Select Area Fisheriesb and 
Columbia River mainstemc  

Gillnets and tangle-
nets 

Summer (June–July)c Sockeye and 
Summer Chinook 

Columbia mainstem and 
Select Area Fisheriesb 

Gillnets 

Early Fall (August–mid-
September) 

Summer and Fall 
Chinook 

Columbia River mainstem 
and Select Area Fisheriesb 

Gillnets 

Late Fall (mid-
September–mid-
November) 

Fall Chinook and 
Coho 

Columbia River mainstem 
and Select Area Fisheriesb 

Gillnets, tangle nets, 
and experimental 
seines 

Notes: 
a Dates and areas subject to stock abundance and management decisions.  
b Select Area Fisheries include Youngs Bay, Blind Slough/Knappa Slough, Tongue Point/South Channel, and Deep 

River. 
c Columbia River mainstem areas include Zones 1 (Columbia River mouth) to 5 (Beacon Rock at RM 142). 
Source: Washington Department of Fish and Wildlife and Oregon Department of Fish and Wildlife 2015a (winter, 
spring and summer) and 2015b (fall fisheries). 

Approximately 2,046,747 pounds of shad and salmon (Chinook, coho, pink, and sockeye) were 

harvested (160,821 landings) on the Columbia River in 2015; the late-fall salmon season accounted 

for approximately 85% of this total harvest, making the late-fall salmon season the busiest time of 

year for commercial fishing on the Lower Columbia River (Oregon Department of Fish and Wildlife 

2015b).  

Coastal, Nearshore, and Ocean Commercial Fishing 

Several coastal, nearshore, and offshore open-ocean fisheries, including groundfish, halibut, salmon, 

albacore, pacific whiting, sardines, and shellfish (primarily Dungeness crab and pink shrimp) are 

present within or adjacent to the Lower Columbia River. However, activities in the Lower Columbia 

River range from harvesting to landing/processing, depending on the fishery. Commercial fleets 

come and go from ports near the mouth of the Columbia River, making the river mouth the busiest 

area for commercial fishing vessel traffic, though numbers of operating vessels fluctuate by season 

and license by fishery. The Port of Astoria is home to three seafood processors (Port of Astoria 

2016). Fisheries with the greatest likelihood of vessels operating within the Lower Columbia River 

are discussed below. 

Commercial coastal and nearshore fishing include vessels operating within 3 nautical miles and 

reporting to the Ports of Astoria, Chinook, and Ilwaco. The U.S. West Coast nearshore groundfish 

commercial fleet operates in the Lower Columbia River and consists of vessels from 10 to 50 feet 

long, with an average length of 25 feet (NOAA Fisheries 2016). Fixed gear includes hand-lines, cable 

gear, fishing poles, and pots (traps). Gear is set to retrieve catch multiple times a day and catch is 

generally landed on a daily basis.  

Regulations for nearshore fisheries are set by both the Pacific Management Council and the states; 

each state manages its nearshore fleet independently by issuing regulations on the cumulative trip 

limits of nearshore species in their state waters (NOAA Fisheries 2016). The State of Washington 
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does not allow commercial fishing within its territorial waters (0 to 3 mile from the coastline); 

therefore, a commercial fixed-gear fleet does not operate in Washington nearshore waters (NOAA 

Fisheries 2016). The nearshore commercial fixed-gear fleet in Oregon typically fishes shallow water 

and targets cabezon, greenlings, and several species of rockfish (NOAA Fisheries 2016). 

The Pacific Coast Groundfish Fishery Management Plan (Groundfish FMP) was implemented in 1982 

and has since been amended 20 times by the Pacific Fishery Management Council in response to 

changes in the fishery, reauthorizations of the Magnuson-Stevens Act, and litigation that invalidated 

provisions of earlier amendments (Pacific Fishery Management Council 2008). The Groundfish FMP 

guides the management of groundfish fisheries in federal waters, 3 to 200 nautical miles offshore. 

The Pacific Coast Salmon Fishery Management Plan guides the management of salmon fisheries in 

federal waters. Oregon and Washington’s commercial ocean salmon fisheries are hook-and-line troll 

fisheries. This fishery largely targets Chinook salmon, with minor coho salmon seasons in some 

years (Oregon Department of Fish and Wildlife 2015c). In odd-numbered years, catches of pink 

salmon can also be significant off Washington and Oregon coastlines (Pacific Fishery Management 

Council 2014). This is a limited-entry fishery in both states, meaning that a permit is required to 

actively participate in the fishery each year.  

Commercial fishing for Dungeness crab occurs along the Washington and Oregon coastlines. The 

ocean crab season begins December 1 and continues through August 14, with peak harvest 

occurring during the first 8 weeks of the season. Dungeness crabs are caught using circular steel 

traps with a length of line and a buoy attached to mark its location. The average commercial 

Dungeness crab fishing vessel fishes 300 to 500 pots in depths of 30 to 600 feet (Oregon Dungeness 

Crab Commission 2014). 

Oregon and Washington have a limited entry system in place on the Dungeness crab fishery, with 

more than 350 vessels in Oregon and 200 vessels in Washington operating the fishery (Oregon 

Dungeness Crab Commission 2014; Washington Department of Fish and Wildlife 2016a). Vessels 

range from small wooden trollers to large steel combination vessels. The Columbia River estuary is 

an important location for commercial Dungeness crab fishing with three main landing locations 

located in the Lower Columbia River: the Port of Astoria, Port of Ilwaco, and Port of Chinook, 

Commercial pink shrimp fishing occurs in offshore waters of Oregon and Washington (3 to 200 

miles offshore) with processing facilities located at the Port of Ilwaco and the Port of Astoria. A 

limited entry system for the pink shrimp fishery is in place for Oregon and Washington, with 83 

active licenses in Washington.  

The pink shrimp season begins April 1 and continues through October 31. Fishing occurs during 

daylight hours using trawl gear, most commonly utilizing double-rigged, semipelagic, fine-meshed 

shrimp nets (Washington Department of Fish and Wildlife 2016b). Pink shrimp trawl vessels range 

in size from 38 to 105 feet long, with an average length of 65 feet. 

2.2.5.2 Tribal Fishing 

The treaties of 1855 between the United States and individual tribal governments reserved tribal 

rights to fish, hunt, and gather traditional foods and medicines throughout ceded lands identified in 

the treaties. 

The Columbia River and its tributaries support a variety of tribal resources, including six species of 

salmon and Pacific lamprey, which have been a reliable and important source of food and trade 
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items to Columbia River. The Columbia River tribes are the Confederated Tribes and Bands of the 

Yakama Nation, Confederated Tribes of the Umatilla Indian Reservation, Confederated Tribes of 

Warm Springs, and the Nez Perce Tribe. These four tribes in the Columbia River Basin have reserved 

rights to anadromous fish in treaties with the United States (Columbia River Inter-Tribal Fish 

Commission 2016). Zone 6, upstream of the Lower Columbia River from Bonneville Dam to McNary 

Dam, is managed as an exclusive treaty commercial fishing zone. The NEPA Draft Environmental 

Impact Statement assesses the potential impacts of the proposed project on tribal resources.  

2.2.5.3 Recreational Fishing and Boating 

The Columbia and Willamette Rivers are popular areas for recreational boating (motorized and 

nonmotorized), fishing, and other recreational activities (Port of Portland 2010). More than 30 

water access and boat launch sites along the Lower Columbia and Willamette Rivers provide public 

and private river access for recreational boating and fishing (Table 10).  

Table 10.  Water Access Sites in the Lower Columbia Rivera 

Boating Facility Name Owner Waterbody County (State) 

17th Street Transient Dock City of Astoria Columbia River Clatsop (OR) 

Courthouse Docks City of St. Helens Columbia River Columbia (OR) 

East Mooring Basin Port of Astoria Columbia River Clatsop (OR) 

Hammond Marina City of Warrenton Columbia River Clatsop (OR) 

Pier 39 Private Columbia River Clatsop (OR) 

Rainier City Marina City of Rainier Columbia River Columbia (OR) 

Riverfront Park City of Rainier Columbia River Columbia (OR) 

Sand Island Marine Park City of St. Helens Columbia River Columbia (OR) 

Sand Island Marine Park North City of St. Helens Columbia River Columbia (OR) 

Scipio's Goble Landing Private Columbia River Columbia (OR) 

St. Helens Marina Private Columbia River Columbia (OR) 

West Mooring Basin Port of Astoria Columbia River Clatsop (OR) 

Westport Ramp Clatsop County Columbia River Clatsop (OR) 

Sportsman Club WDFW Columbia River Cowlitz (WA) 

Woodland Bottoms WDFW Columbia River Cowlitz (WA) 

Knappton WDFW Columbia River Pacific (WA) 

Puget Island WDFW Columbia River Wahkiakum (WA) 

Port of Ilwaco Marina Port of Ilwaco Columbia River Pacific (WA) 

Port of Chinook Pacific County Columbia River Pacific (WA) 

Port of Wahkiakum County No. 1 Wahkiakum County Columbia River Wahkiakum (WA) 

Port of Wahkiakum County No. 2 Wahkiakum County Columbia River Wahkiakum (WA) 

Elochoman Slough Marina Wahkiakum Port 
District 1 

Columbia River Wahkiakum (WA) 

Port of Kalama Marina Port of Kalama Columbia River Cowlitz (WA) 

McCuddy's Ridgefield Marina Private Columbia River Cowlitz (WA) 

Port of Longview Marinas Port of Longview Columbia River Cowlitz (WA) 

Port of Woodland Marina Port of Woodland Columbia River Cowlitz (WA) 

Riverplace Marina Private Willamette River Multnomah (OR) 
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Boating Facility Name Owner Waterbody County (State) 

Cathedral Park City of Portland Willamette River Multnomah (OR) 

Willamette Park City of Portland Willamette River Multnomah (OR) 

Kelley Point Park City of Portland Willamette/Columbia 
Rivers 

Multnomah (OR) 

Hayden Island Marinas 
(numerous) 

Private and Public Columbia River Multnomah (OR) 

Notes:  
a This table does not represent an all-inclusive list of water access points in the indirect impacts study area; 

additional private, municipal, county, and state facilities may be operational in the study area. 
Sources: State of Oregon 2016; Washington Public Ports Association 2016; Washington Department of Fish and 
Wildlife 2016c; Port of Portland 2010. 
WDFW = Washington Department of Fish and Wildlife; WA = Washington; OR = Oregon 

The Columbia River is the most boated waterbody in the State of Oregon with 524,091 boat use 

days, followed by the Willamette River with 281,176 boat use days. Hayden Island—which is located 

on the Columbia River, between Vancouver, Washington, and Portland, Oregon—serves as a key 

location for recreational boaters traveling to different sections of the Columbia and Willamette 

Rivers. Marinas in the vicinity report that recreational boating is highest during summer months and 

that 100% of 3,600 boat slips on Hayden Island are leased between April and October (Port of 

Portland 2010). The Columbia River Water Trail is a designated area for canoes and kayaks that 

travels through the Lower Columbia River to the mouth of the river. 

The Columbia and Willamette Rivers support numerous aquatic species including salmon, steelhead, 

small mouth bass, shad, and sturgeon fisheries. Greenling, rockfish, lingcod, and perch are caught 

from the jetties, and flounder are common on sandy flats. Recreational fishing seasons vary by target 

species, but fishing occurs year-round for many species. Recreational catch-and-release fishing for 

green and white sturgeon is currently allowed year-round (Oregon Department of Fish and Wildlife 

2015c). Warm-water game fish species season is also year-round in the Lower Columbia River 

(Oregon Department of Fish and Wildlife 2015c). The spring Chinook and steelhead fishery for the 

Columbia River is open from January to March depending on fishery management decisions; 

Chinook and coho salmon fishing season runs from August to December.  

The spring Chinook fishery in the Hayden Island area of the Columbia River is extremely popular 

and fishing participation rates have increased over recent years. During the spring Chinook season, 

between 135,000 and 145,000 angler days are documented on this section of the Columbia River 

between March 1 and June 1 (Port of Portland 2010). Also, the area between the mouth of the river 

and Tongue Point, which includes Youngs Bay, is a popular area for recreational fishing year-round 

(Oregon Department of Fish and Wildlife 2016:25). This area is popular, especially during the fall 

Chinook and coho salmon season, which generally peaks in the last 2 weeks of August (Washington 

Department of Fish and Wildlife 2016d).  

Dungeness crabs are caught in the estuary and in nearshore and offshore areas beyond the mouth of 

the river, and razor clams are harvested along the ocean beaches north and south of the mouth of 

the river. 
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2.2.5.4 Commercial Passenger Vessels (Non-Cruise Ships) 

Commercial passenger (non-cruise ship) vessels transit from one port to another within the 

Columbia River; they include a range of vessels up to 100 gross tons carrying from six to over 150 

passengers. Examples of these vessels include the Portland Spirit and Columbia Gorge Sternwheeler, 

which provide dinner cruises and day trips, respectively, and the Waikiakum County ferry, the only 

ferry on the Lower Columbia River, which shuttles passengers and up to 12 cars at a time between 

Puget Island, Washington, and Westport, Oregon. 

2.2.5.5 Service Vessels 

Service vessels, including USCG, law enforcement, pilot, spill response, tugs, and dredges operate 

throughout the Lower Columbia River and could be found anywhere on the river at any time. The 

vessel types and activities are summarized below. 

U.S. Coast Guard Vessels 

USCG vessels are stationed primarily at the Port of Astoria, Cape Disappointment, and Portland, 

Oregon. These vessels are used for search and rescue, maritime law enforcement, boating safety, 

Aids to Navigation, and homeland security. The area of responsibility for the Coast Guard Aids to 

Navigation Team (ANT) in Astoria, Oregon, includes the Columbia River up to Portland, Oregon. The 

ANT stations two medium endurance cutters (USCG Cutter ALERT and USCG Cutter STEADFAST), 

which operate offshore and near the mouth of the Columbia River providing search and rescue, and 

illegal drug and immigrant interdictions. The ANT also stations the USCGC Fir, which is a seagoing 

buoy tender that maintains 150 aids to navigation along the Washington and Oregon coasts, as well 

as the Columbia River.  

USCG Station Cape Disappointment is situated at the mouth of the Columbia River at Ilwaco, 

Washington, and is the largest search and rescue station on the Northwest Coast. The station has 

five search and rescue boats, including the 52-foot moto lifeboat Triumph II, two 47-foot motor 

lifeboats, and two 29-foot second-generation Defender-class response boats. These vessels operate 

primarily offshore and within the Bar. 

Operational responsibilities of the USCG Marine Safety Unit (MSU) in Portland include ship 

inspections, commercial fishing vessel safety, investigations, waterway management, shoreline 

facility inspections, and aids to navigation. MSU Portland is homeport to the 100-foot inland buoy 

tender (USCG Bluebell) responsible for serving aids to navigation throughout the Columbia River 

and nearby waterways.  

Each of the USCG stations described above also has access to a mixture of response and trailerable 

boats and skiffs. 

Local Law Enforcement Vessels 

In addition to the USCG law enforcement vessels, Oregon State Police and Washington State Police 

also operated law enforcement vessels on the Columbia River to coordinate the enforcement of 

commercial fishery and sport angling regulations and for special investigations. County 

governments along the Columbia River also staff full-time deputies assigned to patrol the waters of 

the Columbia River and conduct boat inspections. These local law enforcement vessels can be found 

operating within their respective jurisdictions of the Columbia River and its adjacent waterways. 
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Pilot Vessels 

Pilot vessels are used to transport Bar Pilots and River Pilots to large vessels for pilotage duties 

described above in Large Commercial Vessels, Vessel Traffic Management. The Bar Pilots use one of 

two pilot boats, the Astoria or the Columbia, both 72-feet long, for offshore transfers.24 For transfers 

within the Columbia River, the River Pilots and the Bar Pilots use the Connor Foss, a 63-foot-by-17-

foot aluminum vessel designed specifically for pilot transfers. The Bar Pilots make approximately 

3,600 vessel crossings of the bar each year with vessels ranging from 100-foot tugs to 1,100-foot 

cargo ships. River Pilots pilot vessels upriver from Astoria including along 13 miles of the 

Willamette River from its confluence with the Columbia River to the seawall in downtown Portland 

(Columbia River Pilots 2014).  

Spill Response Vessels 

Three marine spill response vessels are prestaged at the Port of Astoria. These vessels belong to 

Marine Spill Response Corporation – Northwest, which is a cooperative that member companies rely 

on for oil spill response equipment and support. 

Tugs 

Tugs operating in the Lower Columbia River include those towing or pushing barges from or to 

destinations beyond the study areas and those from tug companies located along the Columbia 

River. The latter tug companies provide cargo barge movement services between ports along the 

river; move bunkers (fuel oil barges) to vessels requiring fuel; and provide docking, escort, and 

other assistance, as described above under Large Commercial Vessels, Tug Assistance. Figure 5 shows 

tug traffic levels (with and without barges) at eight cross sections in the Lower Columbia River. Tug 

activity is much higher in the upstream portions of the Lower Columbia River, especially near 

Longview and Wauna. This activity likely represents tugs transits to and from terminals to provide 

docking services and tugs shifting cargo barges between ports. 

Dredges 

Dredging vessels are used to maintain the navigation channel by removing excess sand, silt, and mud 

that naturally settles to the bottom and on the sides of the channel over time. Maintenance dredging 

or channel improvement projects, whereby channel dimensions are altered to accommodate larger 

sizes and/or more loaded commercial vessels, are accomplished by the Corps. In the past, the Corps 

has used mechanical dredges in the Columbia River (U.S. Army Corps of Engineers 2003:6-6). These 

types of dredges remove material by scooping it from the bottom and then placing it into a waiting 

barge or directly into the disposal area, depending upon the location of the dredging. Dredging 

operations are always advertised to mariners transiting in the Columbia River and are conducted in 

such a manner as to generally not impede vessel traffic.  

                                                             
24 Embarking and disembarking of Columbia River Bar Pilots offshore can be by boat or helicopter. It is the 
individual pilot’s choice whether to use the boat or helicopter for transfers offshore, with the helicopter being used 
about 70% of the time (Jordan pers. comm. B). 
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2.2.6 Vessel Traffic Management 

Management of vessel traffic in the Lower Columbia River is primarily a real-time activity between 

the Bar Pilots and River Pilots, the vessel master, and the PDXMEX. Deep-draft vessel traffic along 

the navigation channel moves in a two-way pattern: one lane inbound and one lane outbound. This 

simplistic layout constitutes the foundation of the traffic management system.  

Oversight and active participation in the vessel traffic management process involves coordination 

between all stakeholders in the Lower Columbia River Harbor Safety Committee comprising 

representatives from the following.  

 USCG 

 The Corps 

 Ecology 

 Oregon Department of Environmental Quality (ODEQ) 

 River Pilots 

 Bar Pilots 

 Shipping agents 

 Terminal operators 

 Vessel operators (tug and barge companies) 

 Associations (such as PDXMEX, the Columbia River Yachting Association, and the Maritime Fire 

& Safety Association [MFSA]) 

 Port and vessel services (such as Clean Rivers Cooperative) 

The Lower Columbia River Harbor Safety Committee is an open forum that allows for the discussion 

of the membership’s vital interests in assuring safe navigation and maritime practices to protect the 

public, mariners, the environment, and property. The committee meets approximately every 2 

months to review old and new information on the agenda and to hear reports from the active 

committees (bridges, harbor safety plan, navigation, outreach, and executive steering). The 

committee publishes and maintains a Lower Columbia Region Harbor Safety Plan (last edition 

published January 2013) which provides users of the Columbia River guidelines to the aids to 

navigation, anchorages, bunkering, dam lockage, incident management and other navigation 

practices. 

2.2.6.1 Pretransit Planning and Scheduling 

Large commercial vessels are required to provide an advance Notice of Arrival (NOA) to USCG at 

least 96 hours before arrival at the bar in most cases, or upon departure from the last port of call for 

shorter voyages. This information is provided electronically and shared almost instantaneously with 

the PDXMEX and the pilots.25 

                                                             
25 In addition to serving as an arrival notification the NOA includes vital information about the vessel, voyage 
information (e.g., specifics about the five ports visited, name and telephone number of a 24-hour point of contact), 
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Upon receipt of the NOA a coordination process is initiated between the pilots and the shipping 

agent representing the vessel interests. The Bar Pilots and River Pilots work closely with each other 

and PDXMEX26 during the pretransit scheduling. The pilots use information provided in the NOA, as 

well as weather conditions, pilot availability, tidal and river conditions, and anchorage and berth 

availability to determine scheduling. Federal (USCG, U.S. Immigration and Customs Enforcement) 

and state agencies (Ecology, ODEQ) will schedule visits to the vessel once it is docked as required for 

vessel and crew documentation and cargo checks.  

For inbound vessels, tracking and coordination begins when the vessel is approximately 2 to 3 hours 

away from the pilot boarding station (Jordan pers. comm. B). Traffic management for vessels 

crossing the bar is the responsibility of the Bar Pilots. Decisions on vessel movements are made by 

the Bar Pilots alone although other considerations by or affecting the Columbia River Pilots could 

result in delaying a vessel’s transit. Bar Pilots typically start their transits approximately 2 hours 

before high tide. 

The Bar Pilots coordinate closely with USCG on navigation conditions and safety. While only the 

USCG COTP can close the bar to vessel traffic, the Bar Pilots can suspend traffic movements when the 

overall circumstances dictate. In assessing navigation conditions, the pilots use these decision 

criteria. (Jordan pers. comm.) 

 Is it safe for the vessel to cross? Factors considered include the expected underkeel clearance, 

the vessel’s maneuverability and horsepower rating, and other aspects of the vessel’s condition. 

 Can the pilot get on or off the vessel safely? 

 Once the pilot is on board, can the pilot boat or helicopter return to base safely? 

Some of the factors that could influence a decision are swell and sea height, swell period, current 

flow direction, wind speed and direction, coastal jet winds in certain circumstances, and timing 

relative to storm conditions. Low river flow combined with ebb current creates the worst 

conditions. Movements of larger ships with deeper drafts are influenced more by the tide and 

current conditions than smaller vessels with a commensurate effect on vessel speed. 

The Bar Pilots give the River Pilots a “window of opportunity” for getting an outbound vessel over 

the bar (Amos pers. comm.). The River Pilots then develop their transit plans to match that window. 

Transit planning for draft-constrained vessels varies with river flows. For example, during the low-

water season, pilots can only count on having sufficient water under keel during one of the daily 

high tides. Outbound transit plans are developed at least 8 hours and as much as 24 hours in 

advance.  

The decision to sail outbound is more critical than the decision to bring a vessel in. For outbound 

traffic, once the vessel starts downriver there is no place to stop or turn around unless the vessel is 

in extremis and requests to anchor; inbound vessels can stop before approaching the bar (Jordan 

pers. comm. B). Nevertheless, there is a point at which a vessel approaching the bar from sea or from 

the river is fully committed to the crossing. This is why the pre-transit planning is key to safe 

passage across the bar in either direction. As discussed in Section 2.2.4.5, Existing and Historical 

Traffic, tug escorts for vessel transits in the Lower Columbia River are rare (Rich pers. comm.). 

                                                             
cargo information, information about each crewmember and other people onboard, operational condition of 
equipment, and documentation specifics. 
26 An information and communication center for ports and stakeholders along the Columbia River. 
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The Bar Pilot–River Pilot exchange location is at Tongue Point near Astoria with the vessel 

underway. Vessel size is a significant factor in transit planning. The River Pilots typically place just 

one pilot on each vessel, but in some circumstances, including vessels with a beam greater than 140 

feet, two pilots are assigned.  

2.2.6.2 Methods for Managing River Traffic 

Marine pilots are highly trained mariners who are experts in vessel navigation and the 

characteristics of a particular waterway. They are responsible for safely maneuvering vessels on the 

Columbia River. Their expertise is supported by the vessel master’s knowledge of their own vessel 

and how it maneuvers; the use of electronic navigation tools and information provided by those 

tools; tug assistance, if required; and the existence of inland rules of the road, regulations, and 

coordination principles specific to the Columbia River. 

Pilotage 

The Bar Pilots board inbound vessels outside the bar, at a predetermined site suitable for safe 

boarding, and are responsible for piloting the vessel to Tongue Point, near Astoria. At Tongue Point, 

the Bar Pilot disembarks and the River Pilot boards. The River Pilot guides the vessel to the terminal 

until it is safely moored. For departing vessels, the process is reversed. 

Upon boarding, each pilot will conduct an initial safety briefing with the vessel’s master, exchanging 

information prior to assuming pilotage duties (Master-Pilot Exchange). This information typically 

includes the following. 

 Any vessel deficiencies 

 Drafts fore and aft 

 Air draft corrected for trim. 

 Location of navigation equipment 

 Type of propulsion 

 Propeller type and rotation 

 Engine notice requirements 

 Thruster status/horsepower, if equipped 

 Maneuvering speeds of vessel 

 Known errors in the gyrocompass 

 Any deficiencies or unusual characteristics of the navigation or ship control systems 

The Master/Pilot Exchange will also confirm the following. 

 The Captain is immediately available at all times. 

 An officer fluent in English is to be on the bridge at all times. 

 The helm is manned with a qualified helmsman. 

 A proper lookout is posted and direct communications are available. 

 Anchors stations are sufficiently manned, ready for immediate and controlled release.  
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 The intended Passage Plan including: 

 Anticipated traffic 

 Anticipated tides, currents and weather 

 Speed restrictions 

 Minimum underkeel/airdraft clearances 

 Berthing/unberthing plan 

If, at any time during the transit, it becomes necessary to anchor a commercial vessel for an 

unexpected reason the USCG COTP will be contacted (contact could be by the vessel master, the 

shipping agent, or the Pilot) to be informed about the specific reason for anchoring. The USCG COTP 

will direct the anchoring of the vessel upon consultation with the individual master and pilot, the 

circumstances, and the weather. The Columbia River Harbor Safety Plan Anchorage Guidelines 

provide details about the anchorages and raises awareness about potential hazards (local weather 

patterns, vessel traffic, recreational river usage, etc.) that could affect the decision where to anchor a 

vessel and how to maintain the vessel safely at anchorage. 

The River Pilots work with the tug companies providing tug-assist services in the Lower Columbia 

River to ensure that appropriate tugs are available upon request. As discussed in Section 2.2.4.3, Tug 

Assistance, tugs are assigned primarily for docking assistance, based on the minimum bollard pull 

required for a particular vessel type or operation. Pilots requesting tug support also consider other 

tug features such as type of propulsion, deck machinery, or number of propellers. Section 2.2.4.3, 

Tug Assistance, provides information on companies providing tug services in the Lower Columbia 

River. 

Pilotage Tools 

Pilots use a variety of tools to manage traffic on the river and rely mostly on Transview 32 (TV32) 

Vessel Traffic Information System (VTIS) software, LOADMAX software, and back-up AIS towers.  

Bar Pilots and River Pilots carry Portable Pilot Units that they use along with installed navigation 

equipment on vessels to monitor real-time vessel traffic and data on current weather and tidal 

conditions. To prevent potential groundings of vessels, they also run underkeel clearance programs 

that have been customized for each class of vessel; the pilots picked the most critical vessel types for 

the modeling (Jordan pers. comm. B). Input includes the Corps bottom survey data for the navigation 

channel and vessel maneuvering information, including squat.27 Other data are received from tide 

gages and wave buoys located strategically near the bar and mouth of the river.  

There are four NOAA data buoys in the area located as much as 287 nautical miles offshore that 

provide wave forecasts for periods from 1 to 19 hours before the waves reach the mouth of the 

river. There are also a number of wave buoys managed by the Scripps Institute; the latter measure 

waves differently than the NOAA data buoys. They generally show greater wave heights than the 

NOAA data buoys (as much as twice the height), and the Bar Pilots consider them a better indicator 

of actual conditions. The Bar Pilots generally consider suspending movement when the buoys show 

                                                             
27 The squat effect is the hydrodynamic phenomenon by which a vessel moving quickly through shallow water 
creates an area of lowered pressure that causes the ship to be closer to the seabed than would otherwise be 
expected. 
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significant wave heights of 20 feet. Data are also received from the NOAA Northwest River Forecast 

Center. 

The computer program includes a Columbia River Estuary Operational Forecast System model, 

which uses the input data to determine current velocity and estimates ship motion in response to 

environmental conditions. It collects real time data from monitoring stations on the waterway and 

provides forecast guidance for water levels, currents, water temperature, and salinity. 

The computer program shows the expected underkeel clearance from the bar to Tongue Point at 

Astoria, which is where the Bar Pilots and River Pilots exchange duties. The Bar Pilots use the output 

to forecast the conditions that the vessel will encounter. The vessel’s installed AIS system provides 

continuous information on the vessel’s speed over the ground, speed through the water, and 

position in the channel. The pilot can compare that information to the forecast underkeel conditions. 

Bar Pilots prefer that the clearance be equal to 2 feet plus the expected squat (Jordan pers. comm. 

B). If the results show that underkeel clearance will be insufficient for a particular transit, then the 

pilot can adjust start time or transit speed to ensure that there is adequate clearance at each critical 

point along the route. 

Pilot dispatchers and individual pilots continuously monitor waterway traffic and communications, 

especially AIS data and TV32 data. Pilots can observe and compare predicted conditions and real-

time data at any point in the transit, and historically, those predicted and actual conditions match 

very closely. The pilot dispatchers also monitor anchorage status and availability. The tug company 

dispatch offices also have AIS- and communications-monitoring capabilities; however, individual 

tugs do not. 

While operating, every pilot has access to Corps survey data that include channel depths, the 43-foot 

contour, and cross sections, along with NOAA Physical Oceanographic Real-Time System (PORTS28) 

and LOADMAX data, as well as the vessel’s own navigation system information displays. Using this 

information, pilots can predict vessel meeting points and display those locations when two ships are 

as much as 70 miles apart. The pilots can then adjust vessel speeds to ensure that the meetings take 

place in suitable locations and avoid the few places on the river where meeting situations must be 

avoided (Jordan pers. comm.). The River Pilots also monitor shoaling developments and assess how 

those might affect transit plans. 

The River Pilots note that the well-defined edges of the channel create a bank effect for virtually the 

entire transit that aids navigation and helps keep vessels away from the sides of the channel (Amos 

pers. comm.). 

Washington and Oregon have separate vessel-tracking requirements that they obtain through a 

shared Columbia River Plan with PDXMEX. Membership in PDXMEX is a requirement for all 

commercial vessels of more than 300 gross tons and all vessels carrying oil. Individual vessels may 

also enroll for spill and incident response services through MFSA. 

Merchants Exchange of Portland, Oregon 

PDXMEX serves as an information and communication center for all of the ports and various 

stakeholders along Columbia River. By way of a subscription service, PDXMEX provides a 

monitoring system that allows users to locate vessels on the Columbia and Willamette Rivers. 

                                                             
28 PORTS measures surface current speeds, water depth, wind direction, and wind speed. Data are transmitted and 
displayed on the TV32 interface every 6 minutes. 
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PDMEX also operates a dispatch center that assists in vessel traffic management by coordinating 

with the River Pilots and Bar Pilots dispatch centers to ensure proper vessel traffic management. 

PDXMEX is also a central point of contact for vessel agents, who provide necessary shore-side 

services for vessels. 

Transview 32 

TV32 is real-time, vessel traffic information and management system software that portrays vessel 

movements and interactions on the river, along with water depth, current flow information, and 

updated bathymetry charts. It combines the following systems to provide extremely high spatial 

resolution accuracy: AIS, ENC and ECDIS, NOAA nautical charts, NOAA PORTS, and differential global 

positioning system. TV32 allows pilots to accurately determine vessel meeting points to facilitate 

informed decision making regarding navigation, anchorage, and traffic coordination. 

TV32 is considered a VTIS. In a VTIS, vessel location, course, and speed data are made available 

directly to vessels operating in the area so that navigation decisions can be made and agreed upon 

between the pilots. For the most part, this is a “pull” type of system in that the user (pilots) must 

deliberately access information in order to have situational awareness. For comparison, the Vessel 

Traffic Service in Puget Sound is managed within a Vessel Traffic Center that is manned by 

continuously receiving and disseminating navigation safety information to those vessels asking for 

or requiring it via VHF-FM communications. 

LOADMAX 

LOADMAX is a system made up of seven computer-connected PORTS gages along the Columbia 

River, from RM 17 at Astoria, Oregon, to RM 106.5 at Vancouver, Washington. These gages measure 

water level in real time and are tied into a system that produces daily email forecasts of river stage 

and velocity at 1-hour intervals, with a forecast horizon of 10 days. Pilots routinely use these data to 

time river transits. Pilots operating draft-constrained vessels transiting the Columbia River have to 

adjust the time of their transit to allow for 2 feet of underkeel clearance on the river (Myers 2015). 

AIS and Aids to Navigation 

The River Pilots have specifically credited AIS towers and virtual aids as important to their 

navigation. Pilots have two relay towers that allow them to see the entire length of the route and 

monitor traffic using the waterway. It is a requirement of the International Convention for the Safety 

of Life at Sea (SOLAS). SOLAS requires that AIS transmitters are active onboard all vessels of more 

than 300 gross tons, a requirement that River Pilots actively enforce.  

Aids to navigation allow vessels to identify and locate other vessels and increase situational 

awareness of hazards and route features that are not otherwise physically marked (or would 

require extra time and resources to mark). 

USCG is responsible for maintaining the aids to navigation systems on the Columbia River. The aids 

include a series of fixed and floating aids, which are visual, aural, electronic or any combination of all 

three. Visual aids include buoys, beacons, day marks, and lights. In the navigation system in place on 

the Columbia River entering from seaward, red buoys and marks are kept to starboard, and green 

buoys and marks are kept to port. Preferred channel markers, buoys, and markers with alternating 

red and green stripes may also be employed to identify junctions and obstructions and indicate the 

preferred route to avoid obstruction. 
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Aural aids (sound-producing devices) include bells, whistles, and fog signals. Bells and whistles are 

typically buoy-mounted and activated by wave action. Fog signals are shore-based, mounted on 

buoys or mounted on offshore structures. 

Nautical charts depict the location and characteristics of aids to navigation, both fixed and floating. 

The abbreviations used to describe the aids are specified by the International Hydrography 

Organization. 

Inland Rules and Other Applicable Regulations 

The navigation of commercial vessels worldwide is subject to a set of international rules formalized 

in the Convention on the International Regulations for Preventing Collisions at Sea, 1972, effective 

July 15, 1977. The rules (commonly called 72 COLREGS) are part of the convention, and vessels that 

enter the Lower Columbia River, foreign and domestic, must adhere to the rules where applicable.29 

The rules are applicable on waters outside of established navigational lines of demarcation. The 

lines are called COLREGS Demarcation Lines and delineate those waters upon which mariners shall 

comply with the Inland and International Rules. The Demarcation Lines for U.S. ports are listed in 33 

CFR 80. The Demarcation Line at the Columbia River entrance (between Oregon and Washington 

states) is a line drawn from the seaward extremity of the Columbia River North Jetty to the seaward 

extremity of the Columbia River South Jetty. 

In 1980, Congress passed the Inland Navigational Rules Act. This legislation set out Rules 1 through 

38 constituting the Inland Rules (Rules of the Road) which mariners follow upon passing across the 

Demarcation Line inland into the Columbia River. The International and Inland Rules are, for the 

most part, very similar in both content and format.30 

USCG is responsible for establishing and enforcing the Rules of the Road, which are defined and 

described in 33 CFR E – Inland Navigation Rules. The primary objective of the Rules of the Road is to 

facilitate safe maritime travel. All vessels, both recreational and commercial, in the Lower Columbia 

River are required to understand and comply with the Rules of the Road. 

Cooperative Coordination 

Cooperative coordination between the Bar Pilots and River Pilots, primarily used in meeting 

situations on specific portions of the route, is a unique local practice that is an effective method of 

collision avoidance. As a standard practice, River Pilots avoid meeting situations in the following 

areas of the river. 

 Miller Sands (RMs 22 through 25) 

 Skamokawa/Abernathy (RMs 28 through 34) 

 Bugby Hole(RMs 39 through 40) 

 Bunker Hill (RMs 55.5 through 56.5). 

 Longview Bridge (RMs 65 through 67) 

                                                             
29 Congress adopted the 72 COLREGS as the International Navigational Rules Act of 1977 and other countries 
signatory to the International Convention similarly adopted the rules. 
30 Annex V to the Inland Rules, Pilot Rules, are for obvious reasons unique to the inland waters of the United States. 
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In general, the Bar Pilots and River Pilots avoid overtaking situations where one vessel passes 

another from behind. The Bar Pilots do not engage in cooperative coordination at specific locations; 

they coordinate with each other to ensure that deep-draft vessels do not pass each other on the bar.  

2.2.6.3 Limitations and Restrictions for Vessel Traffic 

Commercial vessel traffic on the Columbia River may be affected by weather patterns, river and tidal 

conditions, and other (smaller) vessel traffic. 

Environmental Conditions 

Weather along the Columbia River consists of a series of microclimates that have the potential to 

cause operational issues. Environmental restrictions can result from fog, high winds, and tidal 

currents.  

When coastal fog restricts visibility on the Bar and its approaches, the vessel’s master and pilot (if 

employed) should assess all variables and determine whether it is safe for a vessel to enter the river. 

In some cases, it may be safer to wait offshore until visibility improves. In situations of restricted 

visibility, a vessel underway may proceed along its intended passage with caution. Vessels intending 

to dock in restricted visibility should be able to visually see the intended wharf for the entire length 

of the vessel. However, the vessel’s master and pilot may assess all variables and determine that the 

best course of action is to proceed to the dock. Vessels at dock or anchored in a safe anchorage 

should not commence movement if visibility is less than 0.5 mile unless the master and pilot assess 

all variables and determine that the vessel can proceed safely.  

In all cases, the vessel’s master and pilot should evaluate the current and forecasted weather and the 

impact on vessel movement, and if necessary, delay movement, call for additional tugs, or take other 

appropriate measures to ensure safe operations. Masters and pilots should consult the coast pilot 

and other sources of local knowledge when transiting high-risk areas and should be prepared for 

strong tides, currents, and weather conditions.  

2.2.6.4 Recreational and Fishing Vessels 

The USCG is the primary federal maritime law enforcement agency on the Columbia River. Oregon 

State Police and Oregon county law enforcement (Clatsop County Sheriff Marine Patrol) also patrol 

on the Columbia River (Oregon.gov 2016). Vessels in these state and local law enforcement units are 

used to regulate recreational and fishing vessel traffic on the river in accordance with state and local 

laws.  

USCG boards commercial fishing vessels at sea to ensure compliance with safety equipment 

requirements required by the Commercial Fishing Industry Vessel Safety Act of 1988. The USCG 

auxiliary conducts dockside inspections of commercial fishing vessels to supplement the at-sea 

boardings and educate fishers on safety equipment and training requirements. USCG vessels 

participate with state and local law enforcement in joint operations on a periodic basis to manage 

vessel traffic and maintain boater safety (U.S. Coast Guard 2014a). For example, during August and 

September each year, the Coast Guard Auxiliary, in conjunction with USCG Station Cape 

Disappointment, Clatsop County Sheriff’s Office, and Oregon State Police, engage in a Recreational 

Boating Safety surge operation to educate and inform boaters participating in Columbia River 

recreational salmon season. USCG also hosts Operation Make Way, a yearly joint recreational boater 

education and enforcement campaign, to educate recreational boat users about the need to give way 
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and stay clear of large commercial vessels operating within the Columbia and Willamette navigation 

channels. The program aligns with the states’ and counties’ recreational boating safety missions. 

2.2.7 Ship Casualty Survey 

The information presented in this section is based on data obtained from the USCG (2014) MISLE 

database and covers all available data from 2001 through 2014 (Appendix A, Navigation Risk Study). 

The data are collected for 26 vessel incident types and are not predictive of cargo vessel casualties. 

Three primary incident types—collision, allision, and a combination of grounding/set adrift—are 

representative of the navigational incidents that could occur and compare best to the results of the 

incident modeling (Table 11). 

The database notes the severity of each incident and describes vessel damage. Table 11 presents the 

outcome distribution in three categories—total loss31, damaged, and undamaged—for marine 

incidents that took place between the Columbia River mouth and the Port of Portland.  

The results of the data survey are very similar to those from nationwide incidents in that 

approximately two-thirds of incidents resulted in no damage, one-third in some damage, and slightly 

less than 3% in total loss.  

Table 11.  Incident Severity by Incident Type for Indirect Impacts Study Area (Total Incidents) 

Damage Status 
Total Loss  

(% of Total) 
Damaged 

(% of Total) 
Undamaged 
(% of Total) Total 

Allision 3 (5%) 24 (43%) 29 (52%) 56 

Collision 1 (5%) 9 (47%) 9 (47%) 19 

Grounding /Adrift 1 (1%) 16 (21%) 59 (78%) 76 

Totala 5 (3%) 49 (32%) 97 (64%) 151 

Notes:  
a Total may not sum due to rounding. 
Source: Appendix A, Navigation Risk Study 

Groundings were the most common type of incident, followed by allisions, then collisions. Although 

collisions represented less than 13% of total incidents during the survey period, they resulted in the 

highest severity outcomes, followed closely by allisions; groundings resulted in significantly less 

severe outcomes (78% of grounding resulted in no vessel damage).  

Table 12 presents the distribution of incident severity in the indirect impacts study area for all 

incidents by vessel type. The table shows that the higher severity events more typically involved 

smaller craft (e.g., fishing or recreational vessels).  

                                                             
31 For the purposes of this analysis, actual total loss, total constructive loss: salvaged, and total constructive loss: 
unsalvaged were combined into a single total loss category. 
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Table 12.  Outcome Distribution for All Marine Incidents in the Indirect Impacts Study Area by 
Vessel Type 

Vessel Type Total Loss (%) Damaged (%) Undamaged (%) Total (%) 

General Dry Cargo  0 1 3 4 

Bulk Carrier 0 2 16 18 

Ro-Ro Cargo  0 1 1 2 

Tank  0 0 2 2 

Barge 0 2 7 9 

Military  0 1 0 1 

Passenger  1 8 7 15 

Recreational 1 3 0 3 

Fishing  2 5 13 21 

Towing  0 7 13 20 

Miscellaneous 0 1 0 1 

Unspecified 0 1 3 4 

Totala 3 32 64 100 

Notes:  
a Total may not sum due to rounding. 
Source: Appendix A, Navigation Risk Study 

Tables 13 through 15 present the distribution of incident severity by vessel type and by incident 

type for the indirect impacts study area. These tables show that collisions appear to result in the 

highest severity outcomes, with 5% resulting in a vessel loss and 47% resulting in damage to the 

vessel(s) involved in the incident. Allisions have the second highest severity outcomes with 5% 

vessel loss and 43% damage. Groundings result in only 1% vessel loss and 21% vessel damage.  

Table 13.  Outcome Distribution for Allisions in the Indirect Impacts Study Area by Vessel Type 

Vessel Type Total Loss (%) Damaged (%) Undamaged (%) Total (%) 

General Dry Cargo  0 4 0 4 

Bulk Carrier 0 4 5 9 

Ro-Ro Cargo  0 2 0 2 

Barge 0 2 14 16 

Passenger  0 13 4 16 

Towing  0 11 23 34 

Recreational 0 2 0 2 

Fishing 5 2 4 11 

Miscellaneous 0 2 0 2 

Unspecified 0 4 2 5 

Totala 5 43 52 100 

Notes:  
a Total may not sum due to rounding. 
Source: Appendix A, Navigation Risk Study 



U.S. Army Corps of Engineers 

 

Affected Environment 
 

Millennium Bulk Terminals—Longview 
NEPA Vessel Transportation Technical Report 

2-39 
September 2016 

  

 

Table 14.  Outcome Distribution for Collisions in the Indirect Impacts Study Area by Vessel Type 

Vessel Type Total Loss (%) Damaged (%) Undamaged (%) Total (%) 

Tank  0 0 5 5 

Barge 0 0 11 11 

Military  0 5 0 5 

Passenger  0 5 5 11 

Towing  0 5 11 16 

Recreational 5 16 0 21 

Fishing  0 11 11 21 

Miscellaneous  0 5 0 5 

Unspecified 0 0 5 5 

Totala 5 47 47 100 

Notes:  
a Total may not sum due to rounding. 
Source: Appendix A, Navigation Risk Study 

Table 15.  Outcome Distribution for Groundings in the Indirect Impacts Study Area by Vessel Type 

Vessel Type Total Loss (%) Damaged (%) Undamaged (%) Total (%) 

General Dry Cargo  0 0 5 5 

Bulk Carrier 0 1 28 29 

Ro-Ro Cargo  0 0 3 3 

Tank  0 0 3 3 

Barge 0 3 1 4 

Passenger  1 5 9 16 

Fishing  0 7 21 28 

Towing  0 5 5 11 

Unspecified 0 0 3 3 

Totala 1 21 78 100 

Notes:  
a Total may not sum due to rounding. 
Source: Appendix A, Navigation Risk Study 

2.2.8 Marine Oil Spill Survey 

Vessel-related oil spills that occurred in the Lower Columbia River from 2004 through 2014 are 

presented in Table 16 by spill volume and incident type, based on MISLE, SPIIS, and ERTS data. Spill 

volumes per incident ranged from 0.1 gallon to 1,603 gallons. An average 15.6 oil spills per year 

occurred during the study period; of these, 84% had a volume of less than 10 gallons. As reflected in 

Table 16, most of the spills were not related to a vessel incident. Spills greater than 100 gallons 

occurred at a frequency of 0.4 per year or once every 2.2 years. The average size of these spills was 

approximately 630 gallons.  
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Table 16.  Oil Spill Incident Count and Frequency—Lower Columbia River (2004–2014) 

Incident Typea 

Oil Spill Incident Count by Spill Volume Oil Spills 
per Year < 1 gal 1–10 gal 10–100 gal > 100 gal Total gal 

Allision 1 - - - 1 0.1 

Capsize 1 - - - 1 0.1 

Environmental Damage  123 57 28 6 214 15.3 

Grounding - - 1 - 1 0.1 

Sinking - 2 - - 2 0.1 

Total 125 59 29 6 219 15.6 

Spills per Year 8.9 4.2 2.1 0.4 15.6 
 

Notes: 
gal = gallons 
a This category includes all other incident types and undetermined events including but not limited to those 
causing an oil sheen, which requires reporting under state law. 

The vessel-related spill survey was largely confined to the specified period of 2004 through 2014, to 

develop a baseline representative of existing risk. Additionally, this period provided the best overlap 

in data available from the three datasets. Larger-scale incidents involving the release of oil have 

occurred in previous years; however, these events predate legislation targeted at and largely 

successful in reducing the likelihood of oil spills from vessels or diminishing the impact of a spill 

should it occur, namely, the enforcement in U.S. waters of the International Convention for the 

Prevention of Pollution from Ships (MARPOL) and the Oil Pollution Act of 1990. The latter brought 

about more stringent planning and spill prevention activities than the previous U.S. legislation (the 

Federal Water Pollution Control Act as amended by the Clean Water Act) and improved 

preparedness and response capability (public and private), and established a double hull 

requirement for tank vessels. 

2.2.9 Incident Management and Response Systems 

The National Contingency Plan (NCP) codified in 40 CFR 300 establishes Federal On-Scene 

Coordinators (FOSCs) for oil spills and hazardous material releases within the inland zone and 

coastal environments. The NCP is the foundation document for state, regional, and local planning 

documents governing pollution response; it provides organizational focus for the related 

emergencies that caused or could cause an oil spill such as vessel groundings, collisions, allisions, 

and fires. Under the NCP, the FOSC is designated as either USCG or U.S. Environmental Protection 

Agency, depending on the location of the spill. The project vessel route and site are located within 

the USCG FOSC and COTP zones (Sector Columbia River and MSU Portland hold these authorities). 

Ecology is the designated state on-the-scene coordinator for spill response (Revised Code of 

Washington 90.56.020). The Washington Emergency Management Division is the designated State 

On-Scene Coordinator (SOSC) for natural disasters. The Washington State Patrol or state fire 

marshal is the designated SOSC for fires. The Washington State Emergency Response system is 

designed to provide coordinated state agency response, in cooperation with federal agencies for 

effective cleanup of oil or hazardous substance spills. Within Oregon State, ODEQ is the lead agency 

for oil or hazardous material spills. The Oregon Office of Emergency Management coordinates 

support from other state agencies, when required, and the Office of the State (Oregon) Fire Marshal 

provides hazardous materials/fire incident response coordination and support from unaffected 

state jurisdictions when a situation exceeds local response capabilities. 
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The Northwest Area Contingency Plan (ACP) is the regional planning framework for oil and 

hazardous substance spill response in Washington, Idaho, and Oregon. Representatives from the 

federal and state agencies listed here and local governments plan for spill response emergencies 

together and come together to implement the ACP when an incident occurs. The plan includes but is 

not limited to the following elements. 

 A description of the area covered by the plan, including the areas of special economic or 

environmental importance that might be damaged by a spill. 

 Roles and responsibilities of an owner or operator and of federal, state, and local agencies in 

spill response and in mitigating or preventing a substantial threat of a discharge. 

 A list of equipment (including firefighting equipment) and personnel available to respond to oil 

spills. 

 Site-specific geographic response plan (GRP).  

GRPs are part of the ACP. Each plan is written for a specific area, including the Lower Columbia 

River, and includes tactical response strategies tailored to a particular shore or waterway at risk of 

injury from oil. GRPs have two main objectives: to identify sensitive resources at risk of injury from 

oil spills and to direct response actions related to sensitive resource protection during the initial 

hours of a response. Strategies in the plan are deployed by a part of the response organization as 

soon as potential impacts (generally with real-time weather data and oil spill trajectories) are 

evaluated even while other parts of the response organization may still be addressing immediate 

concern of controlling and containing the source of a spill. 

In addition to the ACP and the GRP governing spill response within the Lower Columbia River the 

Lower Columbia Region Harbor Safety Committee32 meets on a regular basis to discuss waterway 

issues in the river, including emergency procedures in case of a vessel incident. The standards, 

guidelines, and protocols agreed upon by members of the committee are promulgated and 

maintained within the Harbor Safety Plan (HSP). The HSP complements existing regulations by 

advising mariners of unique conditions and requirements associated with transiting the Lower 

Columbia River. The HSP includes incident management guidelines, emergency communications, 

notification requirements in case of an oil spill, steps to take in case of a vessel grounding, vessel 

collision, bridge allision, and mechanical or equipment failures. 

These government and agency plans all help coordinate response efforts by the responsible party 

(the spiller, in this case the vessel owner/operator) and federal and state agencies.  

Since the proposed export terminal would not transfer oil to project-related vessels in bulk, the On-

Site Alternative or Off-Site Alternative would not be required to submit a federal facility response 

plan for oil spills. The export terminal would likely be a designated waterfront facility under 33 CFR 

126.13, which means that the export terminal would be designated for handling, storing, loading, 

and discharging a hazardous material whose transport is subject to the Dangerous Cargoes 

Regulations contained in 49 CFR 170–179.  

                                                             
32 The Lower Columbia Region Harbor Safety Committee comprises public and private stakeholders with vital 
interest in assuring safe navigation and maritime practices on the Columbia River. 
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Under SOLAS, coal is defined as dangerous goods in solid form when in bulk. Consequently, this 

designation requires that the Applicant meet certain conditions at the project areas (applicable 

USCG regulations are contained in 33 CFR 126.15) including the following. 

 Fire extinguishing equipment (automatic sprinklers, hydrants, hose connections, and firefighting 

water supplies) must be available and maintained in adequate quantities and locations. 

 The location of fire appliances such as fire hydrants, standpipes, hose stations, fire 

extinguishers, and fire alarm boxes must be conspicuously marked and readily accessible 

(according to National Fire Protection Association). 

 Warning signs must be posted. 

 If coal is transferred between sunset and sunrise then the Applicant must install outdoor 

lighting that adequately illuminates the transfer work area.  

 Access restrictions whenever the cargo is transferred or stored at the terminal. 

 Security measures must be in place to deter and detect unlawful entrance and to detect and 

report fire hazards, fires, and releases of dangerous cargo and hazardous materials.  

The security measures described above could be guards or “equivalent controls” such as alarm 

systems, closed-circuit television cameras and monitors, or a combination of both. In case of an 

emergency the situation must be reported to USCG personnel as soon as they are discovered. Since 

the facility is not a covered facility under Washington State law for oil spill contingency planning, the 

Applicant is not required to have an oil spill response plan under state law. 

Vessel owners/operators of the project-related vessels would be required to prepare and submit oil 

spill response plans under federal requirements (33 CFR 155.5010-155.5075) and state 

requirements (Washington Administrative Code 173-182 and Oregon State Administrative Rules 

340-141) to ensure that resources, including equipment, are in place for a spill of the vessel’s fuel oil 

and of any oil carried as secondary cargo. The Non-tank Vessel Response Plans would include 

notification procedures, shipboard spill mitigation procedures, shore-based response activities, a list 

of contacts, and training and exercise procedures, 

The vessel owner/operator would be required to have available through contract or other approved 

means an oil spill removal organization and a spill management team. It is customary for 

owners/operators of vessels to contract with cooperative organizations that specialize in oil spill 

response and personnel that maintain, train, and exercise the equipment. MFSA generally serves this 

role in the Columbia River and has access to oil spill response equipment on the river system 

(through a sharing agreement with Clean Rivers Cooperative).33  

The MFSA vessel response plan is an umbrella plan for enrolled vessels entering the Columbia River. 

MFSA recently updated the Master Oil Spill Contingency Plan for Covered Vessels and submitted it to 

Ecology for approval. Ecology has approved the update. 

                                                             
33 Working with federal granting agencies and local jurisdictions, Astoria Fire Department/Port of Astoria, Clark 
County Fire & Rescue, Scappoose Rural Fire District and Vancouver Fire Department achieved funding to acquire 
new Quick Response Vessels in 2014. The Quick Response Vessels provide enhanced response capabilities between 
Vancouver and Astoria.  
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2.2.9.1 Oil Spill Incident Response 

This section describes the incident response system in place on the Columbia River, as spelled out in 

the MFSA response plan. 

USCG is the FOSC for oil and hazardous materials spills on the Lower Columbia River. Ecology and 

ODEQ are the SOSCs for spills and impacts on state waters. These agencies and the responsible party 

(as represented by the MFSA for a covered vessel) represent the Unified Command. The Unified 

Command coordinates responses, mitigation, and cleanup efforts for spills on the Lower Columbia 

River to protect public health and safety, response personnel, and the environment (Maritime Fire & 

Safety Association 2013). 

For vessels covered under MFSA, these general steps are followed when a bunker spill occurs. 

1. Ignition is shut down, personnel are warned, containment is initiated, and vessel is secured. 

2. Vessel representative initiates MFSA and federal and state response plans by notifying the 
Merchants Exchange, USCG, and state emergency management offices.  

3. Vessel representative designates MFSA as Incident Commander representing company interests.  

4. MFSA representative assesses situation, makes necessary notifications for response resources, 
and participates in Unified Command. 

5. MFSA returns control to the vessel representative for completion of clean up, damage 
assessment, decontamination, disposal, and demobilization.  

The contract between the vessel owner/operator and the MFSA and the incident specifics determine 

when steps three and five take place. 

2.2.9.2 Shipboard Fire Incident Response 

Under the Federal Fire Prevention and Control Act of 1974, fire prevention remains a local and state 

responsibility (Northwest Area Committee 2015). The local fire jurisdiction is the first responder to 

a shipboard fire. If the incident is beyond the local jurisdiction’s capacity, mutual aid resources34 are 

requested. If local and mutual aid resources are exhausted, the local fire chief requests assistance 

from the state emergency management office. With appropriate approvals, the state fire chief 

(Oregon) or state fire marshal mobilization coordinator (Washington) takes control over the 

response (Office of State Fire Marshal 2015; Washington State Patrol 2015). 

The USCG COTP will act as the FOSC if there is a shipboard fire outside a fire agency’s jurisdiction 

but within the Sector Columbia River COTP zone, or if a vessel fire is treated as a search-and-rescue 

case (Northwest Area Committee 2015).  

2.2.9.3 Collision and Grounding Incident Response 

For collision and grounding incidents, the vessel must immediately secure all necessary watertight 

closures in accordance with the ship’s emergency procedures and contact the USCG COTP and 

Ecology. The USCG COTP may establish a communications schedule and request the vessel to 

periodically update its situation. If the waterway is blocked or needs to be closed, a safety marine 

                                                             
34 Local and state firefighting organizations enter into reciprocal agreements to provide mutual aid when resources 
are overwhelmed. 
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information broadcast will be issued, including providing information of the incident, including 

location, vessel type and cargo, incident description, and other details. 

In response to a collision, USCG response personnel and state investigators may respond to the 

scene for initial assessment and on-scene communications and supervision and may form a Unified 

Command. The Unified Command will instruct the responsible parties on standard procedures for 

separating vessels, if joined, and moving them to an available dock, anchorage, or directly to a 

shipyard for repairs. The USCG COTP will work with the vessel and Unified Command to initiate 

pollution response measures as necessary. In most cases, a surveyor will be required to inspect 

damage and verify repairs.  

In response to a grounding, the objective is to refloat and minimize damage to the vessel and 

environment. Upon grounding, the responsible party must contact the USCG COTP to provide vessel 

and incident information and a safety marine information broadcast is issued. The responsible party 

must submit a salvage plan to the USCG COTP or Unified Command for approval prior to attempting 

to refloat. If calculations determine that the vessel cannot be refloated at the recorded draft just 

prior to grounding the lightering35 of vessel cargo and/or fuel may take place to lighten the vessel. 

This transfer of coal or fuel would be completed only after all other options were evaluated for 

refloating the vessel and the salvage and lightering plan is approved by the USCG.36 Most likely, 

approval of the salvage and lightering plan will include a requirement that the responsible party 

activate the vessel response plan to mitigate any pollution threat prior to refloating. The type of 

bottom (mud, sand, gravel, rock) and the speed of the vessel (underway, maneuvering with tugs, 

dragged anchor in high winds) prior to grounding will most often determine the severity of the 

incident and the precautions to be taken until the vessel refloats. In most cases, a surveyor will be 

required on scene or to inspect damage and verify repairs. 

                                                             
35 Lightering is the process of transferring cargo between vessels of different sizes, usually between a barge and a 
bulker or oil tanker. 
36 Depending on the severity of the grounding (determined by length of time the vessel is grounded, whether or not 
the navigation channel is blocked, and if lightering must take place to refloat) a Unified Command may be formed. 
In this case the Unified Command would review and approve the salvage and lightering plan. 
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Chapter 3 
Impacts 

This chapter describes the impacts related to vessel transportation that would result from 

construction and operation of the On-Site Alternative or Off-Site Alternative and conditions under 

the No-Action Alternative.  

3.1 On-Site Alternative 
Potential impacts related to vessel transportation from the On-Site Alternative are described below.  

The On-Site Alternative would load 70 vessels a month or 840 vessels a year. This equates to 1,680 

vessel transits in the Columbia River. Project-related cargo vessels would be required by federal and 

state law to meet vessel standards and plan requirements. These include structural, fire-fighting, 

and personnel requirements as well as oil spill contingency and response plans as previously 

described. 

3.1.1 Construction: Direct Impacts 

Construction of the On-Site Alternative would result in the following direct impacts. 

Dock construction (pile-driving, dredging, and general construction of above-water elements) would 

occur over a 6-month to 1-year period (Grette Associates, LLC 2014:12). For this work, barges 

would be located near the proposed docks (Docks 2 and 3). The barges would be positioned outside 

of the navigation channel to not impede vessels traveling within the channel. The barges would also 

be placed outside of the area used by vessels accessing Dock 1, so they would not affect these 

activities. The On-Site Alternative would not result in direct impacts to vessel transportation during 

construction activities. Additional information on dredging and pile driving is included in the NEPA 

Water Quality Technical Report (ICF International 2016b).  

3.1.2 Construction: Indirect Impacts 

Construction of the On-Site Alternative would result in the following indirect impacts. 

If supplies and equipment for construction are delivered to or removed from the project area by 

barge, there would be a temporary increase in barge activity in the indirect impacts study area.  

The Applicant has identified three construction-material-delivery scenarios: delivery by truck, rail, 

or barge. If material is delivered by barge, it is assumed that approximately 1,130 barge trips would 

be required during the construction period. Approximately two-thirds of the barge trips would 

occur during the peak construction year, assumed to be 2018. Approximately 750 barge trips in the 

indirect impacts study area would be required during the peak construction year to deliver 

construction materials. Because the project area does not have an existing barge dock, the material 

would be off-loaded at an existing dock elsewhere on the Columbia River and transported to the 

project area by truck. 
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Barges are shallower in draft and could transit the Columbia River navigation channel during 

periods of low water to avoid interfering with larger vessel traffic. Coordination would take place 

with the River Pilots prior to and during transit. Moreover, the construction barges would be 

transiting a portion of the navigation channel during construction near the project area and not the 

entire indirect impacts study area. Therefore, impacts on vessel traffic in the indirect impacts study 

area as a result of construction-related barge traffic would be low because construction barge traffic 

would avoid interference with larger vessels and would only traverse a local portion of the Lower 

Columbia River. 

3.1.3 Operations: Direct Impacts 

Operations of the On-Site Alternative would result in the following direct impacts. 

The On-Site Alternative would load 70 vessels a month or 840 vessels a year. This equates to 1,680 

vessel transits in the Columbia River. The On-Site Alternative would add two docks and eventually 

have the capacity to export 44 million metric tons of coal by vessel. Loading coal onto vessels for 

export is the only activity proposed for the new docks. Vessel loading would be performed using an 

electrical-powered shiploader . Each dock would have one shiploader and each shiploader would 

have an average capacity of 6,500 metric tons per hour. At maximum throughput, an average of 70 

vessels per month (an average of over two per day) would be loaded at the new docks. The berths 

for the new docks are expected to be occupied by project-related vessels 365 days per year. 

River Pilots would pilot the incoming and outgoing vessels (from Astoria inland and vice versa) and 

would direct docking and undocking maneuvers. At least two tugs would be used to assist with 

docking and undocking maneuvers for each arriving and departing project-related vessel (Gill pers. 

comm.). Therefore, at least two tugs would be active near the docks four times per day on average. 

The pilot determines the appropriate size and horsepower of the tugs depending on a number of 

factors such as the size of the vessel, weather conditions, and currents at the time of maneuvers (Gill 

pers. comm.).  

Docks 2 and 3 would be designed to accommodate dry bulk cargo ships up to 830 feet long and 130 

feet wide, which would accommodate standard Panamax vessels and the somewhat smaller 

Handymax vessels. The berths at Docks 2 and 3 would have a depth of 43 feet, which is the depth at 

which the Columbia River navigation channel is maintained (U.S. Army Corps of Engineers 2015b).  

The expected fleet mix is 80% Panamax and 20% Handymax vessels. Table 17 contains the size and 

dimensions of these types of vessels assumed for the risk analysis (Appendix A, Navigation Risk 

Study). 

Table 17.  Sizes and Dimensions for Panamax- and Handymax-Class Vessels in the Risk Analysis 

Vessel Classa 
Deadweight 

(tons) 
Length Overall 

(feet) 
Beam 
(feet) 

Draft 

(feet) 

Handymax 46,101 600 106.0 36.1 

Panamax 68,541 738 105.6 43.6 

Notes: 
a These specifications chosen to represent the size and dimensions for Panamax and Handymax class vessels are 

representative of an “average-sized” Panamax class vessel and an “average-sized” Handymax class vessel.  
Source: Appendix A, Navigation Risk Study 
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Operational impacts related to the On-Site Alternative are based on the following assumptions: 

 The River Pilots anticipate turning the ships in the project area in loaded condition—in 

preparation for departure, as opposed to turning downstream upon arrival (Gill pers. comm.).37 

Thus, inbound ships would approach Docks 2 and 3 in ballast (headed upstream), maneuver out 

of the navigation channel toward the dock, and align parallel to the dock, docking with the 

assistance of tugs. Figure 10 depicts typical maneuvering of a ship approaching the downstream 

berth, Dock 3, with a Panamax ship already at Dock 2. 

 Pilots estimate that operations at the project area (Docks 2 and 3) would require the two 

assisting tugs to have bollard pull ratings of at least 30 tons operating ahead and at least 22.5 

tons operating astern. Those tugs would be in the 3,000 to 4,000 horsepower range (Gill pers. 

comm.). Pilots would determine if tugs are needed. 

 The River Pilots anticipate that they would turn vessels off the dock, as opposed to the turning 

basin upstream of the project area (Gill pers. comm.). If river conditions were not suitable or the 

vessel was too long, however, they would use the turning basin. A typical departure of a loaded 

vessel (Figure 11) with the assistance of the tugs, would involve moving the bow out into the 

channel while keeping the stern near the dock to give the pilot accurate positioning of the vessel 

during the turn, and allowing the current to rotate the bow until the vessel points downstream 

and can begin moving downriver. The width of the channel at this point is approximately 1,200 

feet, which provides a turning area approximately 1.6 times the length of the vessel. 

 Currently, maneuvering a vessel to the existing berth (Dock 1) can be challenging upstream 

of the project area (Amos pers. comm.). The outflow from the bank at that dock creates the need 

for more tugs, vessel power, and time to dock safely. Pilots expect that conditions for Docks 2 

and 3 would be the same as at Dock 1 (Gill pers. comm.). Pilots would be aware of this issue and 

would consider it during planning and operations.  

                                                             
37 Currents in the river at the project area are typically directed downriver or ebbing due to the river flow 
overriding the tidal currents. It is more efficient and safer to dock the ship heading into the current using the 
forward power of the engines which is stronger than the vessel’s backing power. When the loaded vessel leaves the 
dock with the bow pointing upstream, the currents assist the vessel turning in the channel by pushing the bow 
around and downstream. 
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Figure 10.  Typical Approach of a Panamax Bulk Carrier in Ballast Condition to Dock 3  

 

Figure 11.  Typical Departure of a Panamax Bulk Carrier in Loaded Condition from Dock 3  

 

Figure 12 shows the computed current vector plot of the peak ebb period in mid-June 2009. This 

figure shows that the currents are relatively parallel to both the existing and proposed berths except 

at the upriver end of Dock 2 where the currents have a component that would push the ship onto the 

dock and could make moving off the dock more difficult. The magnitude of the current at Dock 1 is 

approximately 0.7 to 0.8 feet per second (fps), while at the down-river berth, Dock 3, the velocity 

magnitude would be approximately 1.5 to 1.8 fps. 
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Figure 12.  Computed Peak Ebb Flow in Mid-June 2009  

 

A plot of the flood currents during a low river discharge period is shown in Figure 13. The velocity 

vectors are aligned with all three berths with this flow, and the magnitudes of the velocities are very 

low, below 0.1 fps. 

Figure 13.  Computed Peak Flood Flow in Early October 2009 

 

These vector plots of depth-averaged velocities do not provide any evidence showing why the pilots 

would have difficulty moving a ship onto the existing berth. However, the computational grid of 

these plots indicates that the data resolution in the area of the docks is low, and it is questionable as 

to whether the dikes along the shoreline near the docks are included in the computational grid. 
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These dikes could have a substantial impact on the velocities along the shoreline that could cause 

eddies to form, as well as redirection of the currents away from the shoreline.  

Should an accident occur due to project-related vessel operations, it would most likely be 

attributable to increased risk of a vessel fire at the dock, an increased risk of an oil spill while at the 

dock, or an increased risk of a vessel allision while at the dock. Each of these situations is discussed 

below. 

Increased Risk of a Vessel Emergency while at Dock 

A fire in the vessel’s machinery spaces or accommodation areas is a potential emergency 

scenario that could occur at the dock. Vessel design standards, fire equipment requirements, and 

crew training would be required to prevent or to facilitate rapid response to a vessel emergency 

while at the dock. Therefore, an onboard emergency is unlikely to affect resources other than 

the vessel itself. 

Coal, in any form, is a combustible material, making it susceptible to a variety of ignition 

scenarios. Coal fires during transfer and loading operations are typically caused by one of two 

sources of ignition: the coal itself (self-ignition) or the conveyor belt used in the transport of 

coal (e.g., over-heating due to damaged bearings, roller, belt slip). Safety requirements prohibit 

open flames near coal-loading operations.  

A fire in the vessel’s machinery spaces or accommodation areas is a potential emergency 

scenario that could occur at the dock. Vessel design standards, fire equipment requirements, and 

crew training are in place to prevent or to facilitate rapid response to a vessel emergency while 

at the dock. All of these standards and requirements are implemented in accordance with SOLAS 

in foreign and domestic cargo vessels (and codified in U.S. regulations) and enforced by USCG.  

Bulk carriers such as the project-related vessels would have the following fire prevention and 

response features. 

 Structural fire protection, including certain bulkheads constructed to prevent the passage of 

flame and smoke for one hour. Other bulkheads must be constructed of incombustible 

materials. Current regulations require that risk of fire hazards be eliminated as much as 

possible in other construction features of the vessel (46 CFR 92). 

 Structural insulation around compartments containing the emergency source of power 

(such as the ship’s service generators). Other approved materials capable of preventing an 

excessive temperature rise in the space may also be used to eliminate the spread of a fire 

that originates in this type of compartment (46 CFR 92). 

 Fire pumps, hydrants, hoses, and nozzles for the purposes of onboard firefighting. In 

additional certain spaces must have approved hand portable fire extinguishers and 

semiportable fire extinguishing systems (46 CFR 95). 

 Officers and crewmembers with a basic level of training that includes fire prevention and 

firefighting (U.S. Coast Guard 2014b). 

Within the hold of a vessel, coal can be susceptible to ignition due primarily to self-heating 

and/or the creation and subsequent ignition of certain gases, including methane and hydrogen. 

Fire-detection systems including carbon monoxide detection and infrared scanning would be in 

place to monitor and minimize the potential for onboard coal fires. Additionally, manual 
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scanning by workers would enhance built-in mechanical detection systems. Automated fire 

suppression systems that are activated in the early stages of fire development are critical to 

reducing the potential for flame spread. These typically include water sprinklers combined with 

a fire-extinguishing agent such as wetting agents or foam. Therefore, an onboard emergency is 

unlikely to affect resources other than the vessel itself. 

Increased Risk of an Oil Spill while at Dock 

The potential for an operational oil spill at the dock would occur primarily as the result of 

bunkering (i.e., a ship receiving fuel while at the dock). The Applicant has committed to not 

allowing vessel bunkering from barges or tanker trucks at Docks 2 and 3; therefore, there would 

be no increased risks of oil spills at docks associated with oil transfers. The risks that might 

occur during transit are addressed in Section 3.1.1.4, Operations: Indirect Impacts.  

Increased Risk of a Vessel Allision at the Dock 

An allision occurs when a vessel strikes a fixed structure, such as a project-related vessel 

striking the proposed docks at the project area or another vessel striking a project-related 

vessel at berth.  

As discussed above, pilots sometimes experience difficulties getting a ship to the berth at Dock 

1, which is just upstream of the proposed Docks 2 and 3. The reason for this cannot be 

determined from the examination of current vectors provided by the Corps, making it difficult to 

link the maneuvering challenges at Dock 1 with potential maneuvering challenges due to 

currents and river flow at the proposed docks. A vessel allision with the dock is a potential 

outcome when there are strong currents near the dock during vessel maneuvers. An allision may 

also occur if there were a loss of steering or loss of propulsion during transit or maneuvering at 

the dock. Despite the uncertainty associated with vessel maneuvers at the dock, the likelihood of 

a vessel allision is lessened due to the presence of tug power while docking and undocking. 

Risk of allision could also involve another vessel striking a project-related vessel while the 

vessel was at berth. All large commercial vessel traffic bound for Longview or ports further 

upriver, including the Port of Portland and Port of Vancouver, pass the project area. Based on 

incident modeling (Appendix A, Navigation Risk Study), the likelihood of an allision under the 

On-Site Alternative is once in 39 years (2028) and once in 25 years (2038). However, as noted in 

Section 2.2.7, Ship Casualty Survey, most allisions do not result in substantial consequences, such 

as total vessel loss. From 2001 and 2014, only 5% of allisions resulted in total vessel loss, and all 

of these events involved fishing vessels only.38  

3.1.4 Operations: Indirect Impacts 

Operations of the On-Site Alternative would result in the following indirect impacts. 

As noted above, all large commercial vessel traffic bound for ports further upriver pass the project 

area. Transiting project-related vessels could affect or be affected by other vessel movements in the 

indirect impacts study area. Moreover, increased vessel traffic could result in changes in wake 

patterns, increased propeller wake, increased underwater noise, and vessel emissions that could 

                                                             
38 The data also show that between 2001 and 2014, 4% of the allisions resulting in some damage were bulk carrier 
allisions.  
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affect environmental resources. These impacts are addressed in the NEPA Water Quality Technical 

Report (ICF International 2016b), NEPA Noise and Vibration Technical Report (ICF International and 

Wilson Ihrig 2016), and NEPA Air Quality Technical Report (ICF International 2016c). Impacts on the 

vessel transportation system and related environmental resources along the Columbia River 

navigation channel due to vessel operations are considered indirect impacts. 

As discussed in detail in Appendix A, Navigation Risk Study, current vessel traffic was based on AIS 

data (2014). Table 18 compares large commercial vessel traffic based on 2014 AIS data (affected 

environment, the No-Action Alternative (2028), and for the project-related traffic (2028). Non-

project vessel traffic was projected using a 1% growth rate and is included for 2028, the year of full 

build-out. 

Table 18.  Existing and Projected Large Commercial Vessel Traffic in the Lower Columbia River  

Condition Vessel Transits per Year 

Current vessel traffic (2014) 3,862 

No-Action Alternative (2028) 4,440 

On-Site Alternative (2028) 6,120 

Notes: 
Source: Based on 2014 AIS data for Cargo/Carrier, Tanker, Tug, and Passenger vessel types; a projected growth 
rate of 1% was applied to the 2014 transits to obtain the 2028 vessel transits under the No-Action Alternative; 
and proposed vessel transits (1,680) were added to the no-action transits to obtain project-related transits. 

For the purposes of incident modeling, the baseline traffic year of 2014 was selected to represent 

relatively recent traffic conditions on the river. The VTIS in operation in the indirect impacts study 

area and other risk-reduction factors were considered in the analysis of the potential for increased 

risks during vessel transit as discussed in detail in Appendix A, Navigation Risk Study. 

The vessel incidents evaluated in the modeling include allision, collision, grounding (powered or 

drift), and fire/explosion, (Section 2.2.7, Ship Casualty Survey). The incident modeling results 

presented below considered the interaction between project-related vessels and other large 

commercial vessels using the channel, as well as smaller vessels (e.g., recreational boats or 

commercial fishing vessels) not limited to the channel. The potential increases in these risks are 

discussed below. 

Increased Risk of a Vessel Allision (with a Fixed Object) during Transit  

For vessels outbound from the project area, no fixed structures or waterfront facilities are close 

to the edge of the navigation channel until the Port Westward dock at RM 53 (Figure 4) and after 

that a small barge terminal dock at RM 36. Thereafter, there are no facilities or structures until 

reaching the Port of Astoria, and those are well clear of the channel. The Astoria-Megler Bridge 

is the next structure encountered, and once past that, the remaining structures are the jetties at 

the entrance of the river.39 Due to the minimal impediments to vessel traffic within the 

navigation channel, the likelihood of a project-related vessel alliding with a fixed structure while 

                                                             
39 Since they are piloted, large commercial vessels have an advantage over fishing and recreational vessels as pilots 
are specifically trained to keep a large commercial vessel from alliding with a known object in the navigation route, 
including a bridge. Approximately 30 years ago, an allision at the Astoria-Megler Bridge involved a piloted vessel. 
Since this incident, Bar Pilots have implemented risk-reduction measures to reduce the probability of allisions at 
the bridge: they avoid meeting other piloted vessels at the bridge, observe weather and river current conditions, 
and review weather forecasts before transiting under the bridge (Appendix A, Navigation Risk Study: 69). 
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in transit is low and was not quantitatively evaluated in the risk assessment (Appendix A, 

Navigation Risk Study). As shown in Table 11, 56 vessel allisions occurred in the indirect impacts 

study area from 2001 to 2014 (compared to over 3,000 vessels transits annually during this 

time). Of these, just over half (52%) resulted in no damage. Of the remaining incidents, 43% 

resulted in some level of damage and 5% resulted in total loss (all fishing vessels). Therefore, 

while the risk of vessel allisions would increase when compared to current vessel traffic, the 

overall risk of a project-related vessel incident resulting in an allision to or from the project area 

for the On-Site Alternative or Off-Site Alternative would remain low. 

Increased Risk of Other Vessel Incidents during Transit  

As presented in Table 19, the On-Site Alternative would result in an increased potential for 

incidents compared to both current vessel traffic (2014) and the No-Action Alternative (2028). 

The predicted increase in incidents is primarily because of the increase in the number of vessels 

transiting the Lower Columbia River with the On-Site Alternative. It should be noted that the 

consequences of a modeled incident can vary greatly from no damage to total loss and that the 

increase in likelihood alone is not representative of the magnitude of the potential 

consequences. In other words, not all of these incidents are likely to result in notable damages. 

For example, of the 151 reported incidents that occurred in the indirect impacts study area from 

2001 through 2014 (Table 11), over half (64%) resulted in no damage, 32% resulted in damage, 

and 3% resulted in total loss.  

Additionally, the incident frequencies predicted for current vessel traffic are representative of a 

single year (2014); while this year accounts for higher vessel traffic compared to more recent 

years, it does not account for the wide variation in vessel traffic prior to the recession, or the 

historical highs traffic levels on the Columbia River. Further, because vessel traffic would 

increase over time, it is important to note that comparing the addition of 840 vessels to current 

vessel traffic is a conservative approach. Therefore, it is important to also consider how the No-

Action Alternative would compare to current vessel traffic and how the On-Site Alternative 

would compare to the No-Action Alternative. As shown in Table 19, a relative increase in the 

likelihood of all incident types would occur over time unrelated to the On-Site Alternative. 

Table 19.  Predicted Incident Frequencies per Year in the Indirect impacts Study Area  
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Current vessel traffic (2014) 1.94 11.8 2.8 0.0032 16.6 

No Action (2028) 2.53 13.6 3.3 0.0037 19.4 

On-Site Alternative (2028) 2.91 14.4 3.6 0.0040 22.2 

Notes: 
a Predicted collision incident frequency includes the likelihood that a non-project vessel would strike a project 
vessel at berth. The potential for allisions during transit (of a project vessel) was qualitatively assessed, see 
subsection titled: Increased Risk of a Vessel Allision (with a Fixed Object) during Transit. Source: Appendix A, 
Navigation Risk Study. 
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Collisions 

As noted in Section 2.2.6.2, Methods for Managing River Traffic, the River Pilots and Bar Pilots 

generally avoid overtaking situations where one vessel passes another from behind. Thus, the 

primary potential collision scenario is an upbound vessel meeting a downbound vessel. The 

River Pilots have identified specific points on the river where conditions are not suitable for 

vessels to pass each other, and they carefully manage transits to avoid two vessels meeting in 

those locations. Instead, they manage the vessel transits so if they do need to pass each other, it 

is done in a safe area. Avoidance of these areas was taken into consideration in the calculation of 

collision risk (i.e., estimating the likelihood of a collision due to the On-Site Alternative) in the 

incident modeling.  

The most likely collision scenarios are bow-to-bow and side-to-side contact involving two large 

commercial vessels transiting the navigation channel. Bow-to-side is a possibility, but the 

channel width and the sizes of the vessels would make it more of a glancing impact rather than a 

straight on “T” impact. 

Bow-to-bow contact is generally viewed as the easiest type to avoid because the target area is 

small and either vessel can act independently to avoid it. Also, a vessel’s bow is its strongest 

structural point and bow-to-bow collisions would not be expected to result in cargo hold 

damage or fuel oil release. In addition, the hydrodynamic interaction between ships meeting 

causes the bows to be pushed away from each other as they approach. 

Side-to-side or a glancing bow-to-side collision could result in damage to the hull, but the 

likelihood of catastrophic damage is relatively low. For dry cargo vessels—including bulk 

carriers—it is unlikely any cargo would be released into the water in the event of an angle of 

impact less than 22.5 degrees (Appendix A, Navigation Risk Study). For tank vessels—including 

ATBs carrying oil in bulk—the risk of an oil spill cannot be ruled out; however, modern tank 

vessel design standards, including double hull construction of tankers, significantly reduce that 

potential. 

The Columbia and Willamette Rivers provide important fisheries for commercial, tribal, and 

recreational purposes. Although fishing vessels are not restricted to the navigation channel, they 

do often cross the channel, particularly during periods of high fishing activity. However, in 

general, because these smaller vessels are not restricted to the channel and must by law yield to 

oncoming large commercial vessels, the potential for a collision between a smaller vessel and a 

project-related vessel would be low. Incident modeling showed a very small increase in the 

potential for collisions involving fishing vessels (0.05 incident per year) and recreational vessels 

(0.01 incident per year).  

Groundings 

While a collision may seem to be a more likely incident scenario in the two-lane channel, the 

vessel casualty data (Table 11) and incident modeling results (Table 12) show that groundings, 

specifically powered groundings, are more likely under all traffic scenarios. The River Pilots 

noted a few areas where waterway conditions create a substantial chance of an accidental 

grounding. Awareness of the river conditions and timing vessel transits with tidal heights and 

currents allows the River Pilots to avoid hazardous conditions conducive to grounding. For 

example, during periods of low water (generally between the months of September and 

November) pilots give adequate consideration to underkeel clearance to avoid touching bottom. 
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Pilots also note that the nature of the river channel is such that there is a bank cushion effect 

that helps to keep vessels away from the channel edges.40 (Amos pers. comm.) 

Fires, Explosions, and Other Emergencies 

Equipment failure affecting power or steering while the vessel is underway could lead to loss of 

control of a vessel. A fire in the vessel’s machinery spaces or accommodation areas is also a 

potential emergency scenario. For any of these situations the vessel master would do what is 

necessary to protect the safety of his crew first, and avoid damage to the vessel second. A 

prudent action would be to remove the vessel from the navigation channel to a safe haven, i.e., a 

location where appropriate actions can be taken by the vessel crew without compounding the 

emergency by involving another vessel or structure.  

Safe haven opportunities on the river are minimal. Marine terminals at the port areas and 

designated anchorages are the only places where vessels can stop to manage an emergency. Two 

anchorages at Astoria can accommodate five deep-draft vessels, at most, depending on their 

sizes. There are no other anchorage areas until reaching Longview (past the project area). 

Once a loaded vessel gets underway inbound to or outbound from the Longview area, it is 

committed to completing the planned transit.41  

Nothing prevents a vessel’s master from anchoring anywhere in the river under emergency 

conditions; however, there is no way to predict how successful such an action might be in 

stopping the vessel. Anchoring effectiveness is dependent on factors such as the nature and 

condition of the waterway bottom, water depth, and vessel speed at the time of the anchoring. 

Risks include the potential for the anchor to damage the vessel if the water is not sufficiently 

deep. The vessel’s location in or near the channel could also hamper or endanger other vessels 

depending on their locations at the time. Dropping an anchor or anchors in an attempt to stop a 

vessel would be done only if other control measures failed. Opportunities for these emergency 

measures would be discussed as part of the pretransit planning between the master and the 

pilot. 

In an emergency, a vessel could anchor in the channel at some locations; however, that presents 

significant risks for the vessel with respect to the narrow channel and most likely would block 

virtually all other traffic. The likelihood of a vessel emergency causing a collision is low. Safe 

haven limitations (described above) mean that vessel transit would not begin until everyone 

involved is satisfied that the vessel is fully capable of completing the transit. 

Although a vessel emergency increases the likelihood of indirect impacts on the Columbia River 

navigation channel (such as a bunker oil spill), the likelihood of such an emergency occurring is 

minimal. As shown in Table 19, the likelihood of fires or explosions is substantially lower than 

any other type of incident considered in the risk assessment. For example, fires and explosions 

are predicted to occur approximately 0.004 times per year compared to a predicted total 

incident frequency of 22.2 incidents per year. If such an emergency were to occur, the presence 

                                                             
40 When the ship is near the bank, the water is forced between the narrowing gap between the ship’s bow and the 
bank. This water tends to create a “cushion” that pushes the ship away from the bank. 
41 A number of potential sites for additional anchorages are being discussed by the waterway stakeholders; 
however, they are generally shallow water sites. Reportedly, the discussions include the possibility of the Corps 
maintaining those areas as part of the federal channel project. Provision of additional stern buoys is also being 
considered. 
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of a qualified vessel master and the pilot, in addition to crew training, vessel design, and 

equipment, would help minimize the harmful impact on human safety and the environment. 

Increased Risk of an Oil Spill during Transit or at Anchorages 

Risks of oil spills involving diesel or heavy fuel oil during transit could occur as the result of an 

incident or during bunkering transfers at locations other than the dock. The Applicant has 

committed to not allowing vessel bunkering from barges or tanker trucks at Docks 2 or 3. If an 

incident occurred that resulted in an impact, there is a possibility that a fuel tank could be 

damaged and fuel spilled. Oil spills could also occur during bunkering at anchorages within the 

indirect impacts study area. In general, the risks of spills would increase under the On-Site 

Alternative due to an increase in the number of vessels calling at the project area and the 

resultant increase in overall vessel traffic in the Lower Columbia River. The risk assessment also 

quantitatively evaluated the incremental increase in the likelihood of various sized oil spills that 

could occur in the event of a collision or grounding due to the On-Site Alternative.  

Tables 20 and 21 present the likelihood (in example return periods42) of representative spill 

sizes that could occur as the result of the modeled increased risk of collisions or groundings, 

respectively.  

Table 20.  Example Bunker Oil Spill Volumes and Frequencies due to Collisions Related to the 
On-Site Alternative (2028 and 2038) 

Return Period (years) Bunker Oil Spill Volume (gallons) 

341 20,900 or less 

581 59,300 or less 

676 107,400 or less 

3,748 166,500 or less 

Notes: 
a Frequency of collisions in 2038 is higher compared to 2028 due to an increase in the overall vessel traffic 

in the Lower Columbia River. 
Source: Appendix A, Navigation Risk Study 

Table 21.  Example Bunker Oil Spill Volumes and Frequencies due to Groundings Related to 
the On-Site Alternative (2028 and 2038) 

Return Period (years) Bunker Oil Spill Volume (gallons) 

140 5,700 or less 

182 10,700 or less 

403 39,700 or less 

4,299 45,800 or less 

Notes: 
a Grounding frequencies do not vary from 2028 to 2038 since the number of project vessels remains at 840 

in both years. 
Source: DNV GL 2016 

As shown in the tables, the likelihood of bunker oil spills from a vessel incident is relatively low 

with the most likely scenarios occurring in the range of once every 244 years for collisions 

                                                             
42 Estimated period of time between occurrences of an event.  
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(2038 traffic levels) and once every 140 years for groundings (2028 or 2038 traffic levels). As 

noted in Section 2.2.8, Marine Oil Spill Survey, spills that have historically occurred in the study 

area are much smaller than the quantities indicated in Tables 20 and 21 and have ranged from 

0.1 gallon to 1,603 gallons.43 The average number of oil spills within this same timeframe (2004 

to 2014) is 15.6 spills per year with 84% having a volume of less than 10 gallons. Spills of more 

than 100 gallons have occurred at a frequency of 0.4 per year or once every 2.2 years. The 

average size of these relatively larger spills is approximately 630 gallons. 

The reason that the potential spill sizes modeled for the On-Site Alternative are larger is because 

the spill scenarios presented above are associated with large-scale vessel incidents: collisions or 

groundings. For such an incident to result in a release of bunker oil, the energy involved in the 

initial incident must be great enough to puncture the vessel’s tanks. Increases in the types of oil 

spills of a scale more similar to those that have occurred over the last 10 or so years would also 

be expected under the On-Site Alternative somewhat commensurate with the relative increase 

in vessel traffic. Expansion of the casualty survey to a longer (beyond 11 years) timeframe, 

would include more unlikely events of a larger scale more in line with those addressed by the 

incident modeling. 

An amendment to MARPOL Annex that went into force in 2007 included a new Annex I 

Regulation, 12A, on oil fuel tank protection. That regulation applies to any ship that has an 

aggregate oil fuel capacity of 785 cubic yards—3,774 barrels (158,508 gallons) of oil 

equivalent—or more and was contracted for on or after August 1, 2007; or had a keel laying 

date on or after February 1, 2008; or was delivered on or after August 1, 2010. The regulation 

limits an individual fuel tank to a maximum capacity limit of 3,270 cubic yards—15,725 barrels 

(660,450 gallons) —and includes requirements for the protected location of the fuel tanks and 

performance standards for accidental oil fuel outflow. It requires consideration of general safety 

aspects, including maintenance and inspection needs, when approving the vessel’s design and 

construction. These improvements are intended to reduce the extent of releases in the event of a 

vessel incident. 

Increased vessel traffic associated with the On-Site Alternative also has the potential to result in 

an increased risk of oil spills during bunkering activities. Causes of oil spills during bunkering 

transfers include overflow of the tank, parting the hose due to mooring fault, operator error in 

connecting the hose, failure of the hose or pipework, and failure of bunker tanks (HSE 2012). 

Experience from insurance claims (Gard 2002) is that most bunker spills result from an 

overflow of the bunker tank due to carelessness or negligence, either on the part of those 

supplying the bunkers, or those on board the vessel receiving them.  

The main safeguard against the occurrence of bunker spills are use of bunkering best practices 

such as attentive tank level monitoring and valve alignment, use of bunkering procedures and 

checklists, and the supervision of the bunkering operation by a qualified person in charge.44 

Standard/ABS (2012) lists the main features of such procedures. 

                                                             
43 The data presented in Section 5.4.4.4 includes all vessel-related reported spills from 2004 to 2014 not just those 
caused by vessel incidents such as groundings and collisions. 
44 Bunkering Best Practices: A Reference Manual for Safe Bunkering Operations in Washington State (Washington 
State Department of Ecology 2014) and Bunkering Guidelines in Lower Columbia Region Harbor Safety Plan 
(January 2013). These references provide extensive guidelines related to winds, sea states, mooring equipment, tug 
availability, and regulatory requirements to provide for safe, spill-free bunkering operations. 
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The consequences of a spill of heavy fuel oil into the marine environment are, in general, 

considered more severe than for other fuels, although this may depend on the sensitivity of the 

local environment to acute toxicity (DNV GL 2011). Undoubtedly, spills of heavy fuel oil will be 

more persistent, taking longer to weather naturally and being more difficult to clean-up. The 

average clean-up costs per metric ton of oil spilled have been estimated as more than 7 times 

higher for heavy fuel oil than for diesel (Etkin 2000). 

Spills of oil cargoes are better documented than spills from bunkering. Therefore, previous risk 

analyses (DNV GL 2011) have assumed the frequency of spills during bunkering is the same as 

during transfer of liquid cargoes: 1.8 x 10-4 (.00018) per bunkering operation for spills 

exceeding 1 metric ton (7.3 barrels or 308 gallons). The frequency of smaller spills is likely to be 

much greater. This implies that the annual likelihood depends on the number of bunkering 

operations. If the vessel bunkers 10 times per year, the likelihood of a spill of 1 metric ton or 

more would be 1.8 x 10-3 (.0018 or.00018*10) per year, or approximately 1 chance in 500 per 

year. Although it is not possible to predict the number of vessels that may bunker or where they 

would bunker, the risks of a spill during transfer would increase slightly due to the increase in 

vessel trips under the On-Site Alternative. 

Increased Vessel Activity 

Increased vessel traffic associated with the On-Site Alternative would result in other impacts 

from vessel wakes, propeller wash, underwater noise and vibration, and vessel emissions. 

Potential impacts on water quality, surface water and floodplains, vegetation, fish, and wildlife 

are addressed in the NEPA Water Quality Technical Report (ICF International 2016b), NEPA 

Surface Water and Floodplains Technical Report (ICF International 2016d), NEPA Vegetation 

Technical Report (ICF International 2016e), NEPA Fish Technical Report (ICF International 

2016f), and NEPA Wildlife Technical Report (ICF International 2016a), respectively. The 

magnitude of these vessel-related impacts would depend on a variety of interrelated factors, 

including but not limited to the distance of the channel from the shoreline, depth of the 

intervening riverbed, placement and size of dredged materials, the presence of particularly 

sensitive species, the speed and size of the vessels, the prevailing river and tidal currents, and 

otherwise natural-occurring wave action.  

3.2 Off-Site Alternative  
Potential impacts on vessel transportation from the Off-Site Alternative are described below. 

The project area for the Off-Site Alternative is located adjacent to, west and downstream 

(approximately 1.5 miles) of the project area for the On-Site Alternative. Vessel docking, undocking, 

and other activities at the proposed docks, would be conducted in the same manner and with the 

same precautions as described for the On-Site Alternative. The same number and type of vessels 

would be loaded at the Off-Site Alternative location as the On-Site Alternative. 

3.2.1 Construction: Direct Impacts 

Construction of the Off-Site Alternative would result in the following direct impacts. 
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Dock construction (pile-driving, dredging, and general construction above water) would be required 

similar to the On-Site Alternative. Coordination would take place with the River Pilots prior to and 

during transit activity.  

3.2.2 Construction: Indirect Impacts 

The construction indirect impacts would be the same as described for the On-Site Alternative. 

If material is delivered by barge, it is estimated approximately 1,130 barge trips would be required 

over the construction period. Approximately two-thirds of the barge trips would occur during the 

peak construction year, assumed to be 2018. Approximately 750 barge trips in the study area would 

be required during the peak construction year to deliver construction materials. Because the project 

area does not have an existing barge dock, the material would be off-loaded at an existing dock 

elsewhere on the Columbia River and transported to the project area by truck.  

Barges are shallower in draft and could transit the Columbia River navigation channel during 

periods of low water to avoid interference with larger vessel traffic. Coordination would take place 

with the River Pilots prior to and during transit activity. Moreover, the construction barges would be 

transiting a portion of the navigation channel during construction near the project area and not the 

entire indirect impacts study area. Therefore, impacts on vessel traffic in the indirect impacts study 

area as a result of construction-related barge traffic would be low because construction barge traffic 

would avoid interference with larger vessels and would only traverse a local portion of the Lower 

Columbia River. 

3.2.3 Operations: Direct Impacts 

Operation of the Off-Site Alternative would result in the same direct impacts as the On-Site 

Alternative except as described below. 

Vessel operations at the Off-Site Alternative would be subject to tidal current and river flows similar 

to the On-Site Alternative. The Off-Site Alternative location is undeveloped, and there is no vessel 

operating history or pilot experience for that location. Further, no specific flow data have been 

captured for that location. However, the available flow data present a reasonably consistent picture 

of currents along that portion of the river, and there is no indication substantial variations should be 

expected. If river conditions were not suitable for turning off the dock the pilots would be able to 

turn the departing vessel further upriver at the turning basin shown in Figure 4. Section 3.1.1.3, 

Operations, Direct Impacts, for the On-Site Alternative provides additional information about 

potential direct impacts. 

3.2.4 Operations: Indirect Impacts 

Operation of the Off-Site Alternative would result in the following indirect impacts. 

Because the project area for the Off-Site Alternative is west and downriver of the project area for the 

On-Site Alternative, there would be little difference in the vessel transit operations in the Lower 

Columbia River to and from the project area. Operation of the Off-Site Alternative would result in the 

same indirect impacts as discussed for the On-Site Alternative, except project-related vessels would 

not need to travel as far upriver (approximately 1.5 miles less than the On-Site Alternative).  
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3.3 No-Action Alternative 
Under the No-Action Alternative, the Applicant would not construct docks for either the On-Site 

Alternative or the Off-Site Alternative. Dock 1 would continue to be used for bulk cargo, primarily 

alumina and might be used for general cargo. The largest vessels currently calling at this facility are 

in the Handymax class, typically in the range of 35,000 deadweight tons; however, the dock might be 

modified to accept somewhat larger Panamax-class vessels. The Applicant has stated that it plans to 

continue current activities at the site and increase commodities storage and shipment.  

Table 22 describes the extent of these planned activities. Expanding the bulk product terminal 

business onto the export terminal project area could increase vessel traffic by approximately eight 

vessels per year compared to existing operations. Although this is an increase of 133% when 

compared to the six vessels per year that are currently mooring at Dock 1, the impact would be 

negligible in terms of dock capacity and the vessel traffic management systems and resources that 

are in place in the Columbia River navigation channel. Eight additional vessels per year would be 

negligible when compared to current vessel activity in the Columbia River navigation channel (an 

increase of almost 1%). 

Table 22.  Planned Activities and Transport Operations at the Existing Bulk Product Terminal  

Commodity 
Vessel 
Class Facility Activity 

Vessel Activity (includes 
existing operations) 

Alumina Handymax Vessels deliver alumina to Dock 1. Alumina 
is stored on site and then shipped to Chelan 
County by train.  

8 ships/year 

Other 
Commodities 

Not 
provided 

Other commodities that are assumed to be 
delivered by vessel, stored, and shipped via 
truck and train to various locations. 

6 ships/year 

Notes: 
a See typical dimensions of a Handymax-class vessel in Table 6. 
Source: URS Corporation 2014. 

Additionally, vessel traffic in the Lower Columbia River is expected to increase over time with 

further industrial development along the river. As assumed for the incident modeling, large 

commercial vessel traffic would increase over the analysis period and by 2028 would reach 

approximately 2,200 vessel trips per year (or approximately 4,400 transits [Table 18]). Therefore, 

there would be an increase in the number of incidents likely to occur if the proposed terminal is not 

built. As shown in Table 19, the predicted incident frequency under No Action conditions would be 

19.4 incidents per year, an increase of 2.8 incidents per year over existing conditions. 

In addition to current and planned activities, the Applicant has information about potential future 

activities which would result in an additional 10 to 12 additional ships per year. If all planned and 

potential activities are implemented, combined with existing storage and transport operations at the 

existing site, this scenario would result in approximately 26 vessel calls per year. 
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Chapter 4 
Required Permits 

The On-Site Alternative or Off-Site Alternative would not require the following permits or approvals 

related to vessel transportation.  
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5.2 Personal Communications 
Amos, Paul, Captain. President. Columbia River Pilots, Portland, OR. October 17, 2014—Meeting 

with Captain Tom Rodino (retired) and Larry Daggett, Rodino, Inc., regarding River Pilots’ 

procedures for vessel transits on Columbia River including cooperative relationship with Bar 

Pilots, size of work force, and vessel sizes that are normally piloted by River Pilots.. 

Gill, Rick, Captain. Vice-President. Columbia River Pilots, Portland, OR. April 3, 2015—Telephone call 

with Captain Tom Rodino (retired), Rodino, Inc., regarding vessel docking and undocking 

operations/practices at Longview. 

Hendriksen, Lisa. Director of Planning & Environmental Services. Port of Longview, Longview, WA. 

January 14, 2016—Email to Alex Bartlett, ICF International, Denver, CO, regarding recent port 

activity. 

Jordan, Captain Dan [A]. President. Columbia River Bar Pilots. February 2, 2015—Email to Captain 

Tom Rodino (retired), Rodino, Inc., containing Bar Pilot data on vessel transits by vessel type for 

the years 2004 to 2014. 

Jordan, Captain Dan [B]. President. Columbia River Bar Pilots. October 15, 2014—Meeting with 

Captain Tom Rodino (retired) and Larry Daggett, Rodino, Inc., regarding Bar Pilots procedures, 

river conditions considered for vessel transits, and other vessel transit considerations for the 

Columbia River Bar. 

Krug, Jeff, General Manager of Marine Operations, and Fred Myer, Senior Waterways Planner, Port of 

Portland. October 15, 2014—Meeting with Captain Tom Rodino (retired) and Larry Daggett, 

Rodino, Inc., regarding Port of Portland vessel operations and the Columbia River Shipping 

Channel Reporting and Forecasting System, LOADMAX. 

McGrath, Matt. Operations Manager. Port of Astoria, Astoria, OR. January 26, 2016—Email to Alex 

Bartlett, ICF International, Denver, CO, regarding recent port activity. 

Myer, Fred. Port of Portland. January 26, 2016—Email to Alex Bartlett, ICF International, Denver, CO, 

regarding recent port activity. 

Rich, Rob. Vice-President, Marine Services. Shaver Transportation Company, Portland, OR. October 

17, 2014—In-person meeting with Captain Tom Rodino (retired), Rodino, Inc. 
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Uglum, Lars. Operations Superintendent. Port of Vancouver, Vancouver, WA. January 14, 2016—

Email to Alex Bartlett, ICF International, Denver, CO, regarding recent port activity. 



Appendix A 
Navigation Risk Study 

 



MILLENNIUM BULK TERMINALS LONGVIEW (MBTL) PROJECT

Navigation Risk Study
ICF Jones & Stokes, Inc.

Report No.: PP141993-2, Rev. 1
Document No.: PP141993-2
Date: January 19, 2016



Project name: Millennium Bulk Terminals Longview (MBTL) Project DNV GL Oil & Gas
Risk Advisory Services
1400 Ravello Drive
Katy, TX
77449
USA
Tel: +1 281 396 1000
[Company Reg No]

Report title: Navigation Risk Study
Customer: ICF Jones & Stokes, Inc., 630 K. Street, Suite 400, 

Sacramento, CA 95814
Contact person: Linda Amato
Date of issue: January 19, 2016
Project No.: PP141993
Organization unit: Environmental & Navigational Risk
Report No.: PP141993-2, Rev. 1
Document No.: PP141993-2
Applicable contract(s) governing the provision of this Report:

Objective:

Prepared by: Verified by: Approved by:

Mia Matuszak
Consultant

Frederico Allevato
Senior Consultant

Cheryl Stahl
Deputy Head of Section

Danielle Holden
Consultant

Dennis O’Mara
Principal Consultant

Vincent Demay
Consultant

Copyright © DNV GL 2014. All rights reserved. This publication or parts thereof may not be copied, reproduced or transmitted in any form, 
or by any means, whether digitally or otherwise without the prior written consent of DNV GL. DNV GL and the Horizon Graphic are 
trademarks of DNV GL AS. The content of this publication shall be kept confidential by the customer, unless otherwise agreed in writing. 
Reference to part of this publication which may lead to misinterpretation is prohibited.

DNV GL Distribution: Keywords:
Unrestricted distribution (internal and external) Navigation study, navigation incidents, incident 

frequency, MARCS, bunker spills, spill frequency, spill 
consequence, hazard zones, pool fires, PHAST.  

Unrestricted distribution within DNV GL
Limited distribution within DNV GL after 3 years
No distribution (confidential)
Secret

Rev. No. Date Reason for Issue Prepared by Verified by Approved by

0 2015-12-21 First issue MMATU FALL CSTAHL

1 2016-01-19 Second issue MMATU FALL CSTAHL

DNV GL  –  Report No. PP141993-2, Rev. 1  –  www.dnvgl.com Page 1 



Table of contents

1 EXECUTIVE SUMMARY ..................................................................................................... 1 
1.1 Incremental Contribution to Marine Incidents 2 
1.2 Incremental Contribution to Oil Spill Risk 3 

2 INTRODUCTION.............................................................................................................. 5 
2.1 Stated Objectives 5 
2.2 Study Area 6 

3 DESCRIPTION OF VESSEL TRAFFIC ................................................................................... 7 
3.1 Project Vessel Specifications and Number of Transits 7 
3.2 Use of AIS 2014 Data 9 
3.3 Vessel Type Categories 13 
3.4 Vessel Traffic Cross Sections 21 
3.5 Vessel Traffic Density by Vessel Type 23 
3.6 Vessel Traffic by Vessel Transit Speed 33 

4 MARINE INCIDENT AND OIL SPILL DATA SURVEYS ........................................................... 44 
4.1 Review of Incident Severity in U.S. Waters 45 
4.2 Review of Incident Severity in the Lower Columbia River 46 
4.3 Review of Oil Spill Data from the Lower Columbia River 49 

5 MODELING APPROACH .................................................................................................. 52 
5.1 Inputs and Assumptions 52 
5.2 DNV GL Methodologies 66 

6 INCREMENTAL IMPACT OF PROJECT VESSELS ON RIVER NAVIGATION ................................ 75 
6.1 Estimated Navigation Incident Frequencies 75 
6.2 Incremental Contribution due to the Proposed Project 84 

7 ESTIMATED BUNKER SPILL RISK OF PROJECT VESSELS AT FULL BUILD OUT........................ 88 
7.1 Estimated Bunker Spill Frequencies 89 
7.2 Estimated Conditional Probabilities of Spill Volumes 92 

8 CONCLUSIONS ............................................................................................................. 97 
8.1 Incremental Contribution to Marine Incidents 97 
8.2 Incremental Contribution to Oil Spill Risk 98 

9 REFERENCES.............................................................................................................. 100 

DNV GL  – Report No. PP141993-2, Rev. 1 – www.dnvgl.com Page 2



1 EXECUTIVE SUMMARY
DNV GL was hired as subcontractor to ICF International who was tasked by Cowlitz County, the Washington 
State Department of Ecology, and the U.S. Army Corps of Engineers to estimate the impact of the proposed 
Millennium Bulk Terminals—Longview project—a coal export terminal in Cowlitz County, Washington, along 
the Columbia River—on navigational safety, marine incident and oil spill risk in the Lower Columbia River. 
There would be 840 vessel calls to the terminal per year with 80% being Panamax class bulk carriers and 20% 
being Handymax class bulk carriers. 

The study addresses impacts incrementally over a 24-year period (Base Case in 2014, Project Impact in 
2028 and Cumulative Impact in 2038) in order to understand the contribution of the proposed project to
future navigation safety. The study area for this study includes the waterways that would be used by or 
could be affected by vessels calling at the project sites. It includes the waters out to 3 nautical miles 
seaward of the mouth of the Columbia River, the Columbia River Bar, and the Columbia River upstream to 
Vancouver, Washington.

DNV GL’s proprietary model, Marine Accident Risk Calculation (MARCS) was used to estimate navigation 
incident frequencies and bunker spill frequencies of project vessels and other vessel traffic; and the Naval 
Architecture Package (NAPA) was used to estimate the conditional probabilities of bunker oil spill volumes 
for project vessels. A survey of marine incident data was also performed in order to establish a severity
distribution for marine incident outcomes. Finally, further data analysis was performed to measure the 
incremental impact of the proposed project on navigational safety.

MARCS combines processed AIS data for vessel traffic (e.g., vessel types, sizes, routes, and transit 
frequencies), the marine environment (e.g., location of shallow water, visibility data, and wind data) and 
operational aspects of shipping (e.g., pilotage, escort tugs) to predict the frequency of incidents at sea, 
including:

Collision 

Allision

Drift grounding 

Powered grounding 

Fire / Explosion

Collisions generally occur in the navigable part of the channel where the traffic is most dense. Drift and 
powered groundings occur near the shoreline or in shallow waters. 

Preliminary MARCS and NAPA results were presented in a stakeholder workshop with DNV GL, ICF 
International, Washington State Department of Ecology (Ecology), Cowlitz County, U.S. Environmental 
Protection Agency (EPA), U.S. Coast Guard (USCG), and the U.S. Army Corp of Engineers Sector Columbia 
River (USACE) on November 9, 2015.
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1.1 Incremental Contribution to Marine Incidents
The total incremental incident frequency due to proposed project in 2028 is 1.5 incidents per year which 
equates to an 8% increase over the no-action scenario in 2028. Of these 1.6 incidents, 0.8 are powered 
groundings, 0.34 are drift groundings, 0.38 are collisions and 0.03 are allisions.

The total incremental incident frequency due to proposed project in 2038 is 1.6 incidents per year which 
equates to a 6% increase over the no-action scenario in 2038. Of these 1.7 incidents, 0.8 are powered 
groundings, 0.34 are drift groundings, 0.47 are collisions and 0.04 are allisions.

In order to provide context around the consequences of a collision, grounding or allision incident, a survey of 
USCG Marine Information for Safety and Law Enforcement (MISLE) database was conducted for years 2001
to 2014. For the purposes of this study, the various categories used to describe incident severity for each 
reported incident were aggregated into “Total Loss”, “Damage” and “No Damage”. The data coverage period 
of 2001 to 2014 was chosen, as it covers over 99% of all reported collision, grounding, and allision incidents 
in the dataset. Data surveys were conducted for the national dataset and for the study area separately in 
order to test for differences in the distribution of incident severity between the two. Survey findings show 
that for a given incident type, the severity distributions were very similar for national incident data 
compared to Lower Columbia River incident data. 

Using the results of the data survey, we can therefore comment on the likely severity of the incremental 
contribution of marine incidents contributed by the project.

Based on a survey of historical incident severity, 1-2% of the grounding events contributed by the 
project are likely to result in a total loss of the vessel, 21-24% are likely to result in damage to 
vessel and 74-78% are likely to result in no reported damage. Note: None of the total loss events 
reported due to grounding involved carriers or vessels of similar size. The only vessel categories 
reported as a total loss in a grounding event were passenger vessels.

Based on a survey of historical incident severity, 3-5% of the collision events contributed by the 
project are likely to result in a total loss of one or more vessels, 47-53% are likely to result in 
damage to one more vessels and 44-47% are likely to result in no reported damage. 
Note: None of the total loss events reported due to collision involved carriers or vessels of similar 
size. The only vessel categories reported as a total loss in a collision event were recreational vessels.

Based on a survey of historical incident severity, 1-5% of the allision events surveyed resulted in a 
total loss of the vessel, 43-45% resulted in vessel damage and 52-54% resulted in no reported 
damage.
Note: None of the total loss events reported due to allision involved carriers or vessels of similar size. 
The only vessel categories reported as a total loss in an allision event were fishing vessels.

Assuming the distributions described above, the project would contribute to an incident resulting in the total 
loss of a vessel roughly once every 30 years, incidents resulting in reportable damage once every 2 years 
and approximately 1 incident per year resulting in no damage.

The incremental contribution appears to decrease from 2028 (8%) to 2038 (6%) because non-project vessel 
traffic continues to increase over this ten-year time period while the number of project vessels remains 
constant at 840 per year. Therefore the relative contribution in 2038 is lower because project vessels make 
up a smaller portion of overall vessel traffic.

DNV GL  – Report No. PP141993-2, Rev. 1 – www.dnvgl.com Page 2



Figure 1-1 below presents marine incident frequencies for project vessels in 2028 and 2038 along the 
proposed route. Notes explaining primary drivers are provided.

Figure 1-1 Incident Frequency – 2028 & 2038 With-Project

1) River Mile (RM) 2-14: Primary Driver of increased incident frequency is Powered Grounding but this area also 

contributes the highest collision frequencies of the study area. 

2) RM 22-33 & 3) RM 36-40: Primary Driver of increased incident frequency is Powered Grounding. No variation was found

in grounding frequency between 2028 and 2038 as number of project vessels remains constant.

1.2 Incremental Contribution to Oil Spill Risk
Less than 1% of the collision, grounding and allision incidents involving project vessels are expected to 
result in a bunker oil spill. As a result, the frequency of a bunker spill of any size due to a marine incident 
involving a project vessel is estimated to be 1.02x10-2 in 2028 and 1.17 x10-2 in 2038. This equates to 
roughly one spill (of any size) every 98 years in 2028 and one spill (of any size) every 85 years in 2038. 
Based on a survey of oil spill data from 2004 to 2014, the Lower Columbia River has experienced a spill of 
greater than 100 gallons approximately once every 2.2 years. Therefore, the proposed project would 
increase the frequency of a spill greater than 100 gallons by approximately 2 to 3% to approximately once 
in every 2.15 years.

In the event that a collision or grounding event resulted in a bunker oil spill, the smallest estimated bunker 
oil spill volume from a project vessel would be roughly 20 m3 for grounding and 80 m3 for collisions (5,700 
and 20,900 gallons, respectively). The frequency of various bunker oil spill sizes is provided in Table 1-1 for 
grounding scenarios. Since the number of project vessels does not change between 2028 and 2038, 
frequencies are the same in both years. The frequency of various bunker oil spill sizes is provided in 
Table 1-2 and Table 1-3 for collision scenarios. Since the number of non-project vessels increases between 
2028 and 2038, collision frequencies vary across those years.  It is important to note that this study did not 
assess the risk of small spills due to activities such as bunkering, damage to the environment and other 
causes unrelated to navigational incidents.

DNV GL  – Report No. PP141993-2, Rev. 1 – www.dnvgl.com Page 3



Table 1-1 Example Bunker Oil Spill Volumes & Frequencies due to Grounding (2028/2038)

Return Period (Years) Spill Volume (gal)

140 5,700 or less

182 10,700 or less

403 39,700 or less

4,299 45,800 or less

Table 1-2 Example Bunker Oil Spill Volumes & Frequencies due to Collision (2028)

Return Period (Years) Spill Volume (gal)

341 20,900 or less

581 59,300 or less

676 107,400 or less

3,748 166,500 or less

Table 1-3 Example Bunker Oil Spill Volumes & Frequencies due to Collision (2038)

Return Period (Years) Spill Volume (gal)

224 20,900 or less

381 59,300 or less

444 107,400 or less

2,461 166,500 or less
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2 INTRODUCTION
Millennium Bulk Terminals—Longview, LLC (Applicant) proposes to construct and operate a coal export 
terminal in Longview, WA along the Lower Columbia River. The terminal would receive coal via rail shipment, 
then load and transport the coal by ocean-going ships via the Columbia River and Pacific Ocean. There 
would be 840 vessel calls to the terminal per annum; 80% of vessels calling the terminal would be Panamax 
class bulk carriers and 20% would be Handymax class bulk carriers.

DNV GL was tasked to estimate the impact of the proposed project and associated increases in vessel calls
on navigation safety on the Columbia River. DNV GL’s study estimates the impact of the proposed project to
other vessel traffic from the precautionary zone in the Pacific Ocean to the proposed terminal facility. The 
study addresses impacts incrementally over a 24-year period (Base Case in 2014, Project Impact in 2028 
and Cumulative Impact in 2038) to understand future trends in navigation safety. DNV GL’s findings will 
supplement the environmental impact statement (EIS) for the proposed project, and is expected to address 
public concerns regarding navigation safety.

2.1 Stated Objectives
The primary objective of this study is to quantify the incremental risk in 2028 and 2038 posed by project
vessels to other vessel traffic on the river in terms of the increased likelihood of any incident. The secondary 
objective was to provide additional information about the potential consequences of these incidents, more 
specifically, qualification of the magnitude or severity of potential outcomes using 1. Comparisons to 
historical data and 2. Modeling likelihood for different bunker oil release volumes. To achieve these
objectives the following four questions are addressed:

1. Could there be an incident?

2. If so, how severe would the incident be?

3. Could the incident result in a release of bunker oil?

4. If so, how much bunker oil would be released?

DNV GL  – Report No. PP141993-2, Rev. 1 – www.dnvgl.com Page 5



Figure 2-1 Navigational Risk Study Objectives

To achieve these goals, the following modeling outputs were obtained from this navigational risk study:

1. The incremental difference of navigation incident frequencies of project and non-project vessels in 
traffic conditions with and without proposed project are estimated for years 2028 and 2038. 

2. A distribution of incident severity is developed based on a survey of historical marine incident data. 

3. Bunker spill frequencies contributed by project vessels at full build-out in 2028 and 2038.

4. Conditional probabilities of bunker spill volumes contributed by project vessels at full build-out in 
2028 and 2038.

2.2 Study Area
The study area for this study includes the waterways that would be used by or could be affected by vessels 
calling at the project sites. It includes the waters out to 3 nautical miles seaward of the mouth of the 
Columbia River, the Columbia River Bar, and the Columbia River upstream to Vancouver, Washington.
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3 DESCRIPTION OF VESSEL TRAFFIC
This section describes the AIS data and assumptions related to vessels and vessel traffic that are applied in 
the study. 

3.1 Project Vessel Specifications and Number of Transits
Two design vessels have been chosen to represent an average sized Panamax class vessel and an average 
sized Handymax class vessel. 

The design vessels chosen to represent the Panamax class and the Handymax class are the MP Panamax 6 
and the Advance II, respectively. The vessels’ specifications are outlined in Table 3-1(Ref. /1/, /2/)

Table 3-1 Vessels’ Specifications (Ref. /1/)

MP Panamax 6 Advance II

Deadweight Tonnage (DWT) 68,541 tons 46,101 tons

Gross Tonnage (GT) 36,097 tons 30,032 tons

Length Overall (LOA) 225.0 meters 183.0 meters

Length Between Perpendiculars (LBP) 216.0 meters 173.9 meters

Breadth (B) 32.2 meters 32.3 meters

Draught (D) 13.3 meters 11.0 meters

It is expected that the proposed project would result in 672 Panamax vessels per year and 168 Handymax 
vessels per year in 2028 and 2038, for a total of 840 MBTL vessel calls a year.

Results will be presented as total incident frequencies for all project vessel calls and will not differentiate 
between Handymax and Panamax vessels.

3.1.1 Bunker Oil Capacity
For the purposes of estimating potential bunker spill volumes, bunker oil capacity and bunker tank locations 
from a typical Panamax class vessel are assumed. 

Figure 3-1 shows the locations of the bunker oil / heavy fuel oil (HFO) tanks for a typical Panamax class 
vessel (shown in red at the stern of the vessel). Based on a review of DNV GL-classed Panamax-class 
carriers, the typical Bunker Oil capacity for these vessels is assumed to between 2400 and 2500 m3.
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Figure 3-1 Bunker Oil / HFO tank locations for typical Panamax class carrier
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3.2 Use of AIS 2014 Data
The MARCS model (described in detail in Section 4) for this study requires Automatic Identification System (AIS) data for the area around
the terminal and shipping routes. Tracks are created from the AIS data points and are used to establish vessel traffic patterns and densities 
within the study area.

Figure 3-2 presents the general methodology used to treat the AIS dataset. Once the data for a full calendar year is received, it is then
plotted geospatially in a geographic information system (GIS). The dataset was plotted as individual points for each data entry in the study 
area. From the plotted dataset, the vessel density, speed and traffic patterns are determined for analysis and use in the MARCS model.

To determine the traffic density, the AIS dataset was translated into the number of AIS points per grid cell (0.005 x 0.005 decimal 
degrees), which is interpreted as vessel density. The vessel density was not used as input into the MARCS model, but as a method of 
understanding vessel behavior in the study area. A vessel density ‘heat’ map was created for the overall traffic and each defined vessel 
category used in MARCS.

Speed profiles were created to determine the vessel category speeds to be used as an input to the MARCS model. The timestamp in the 
AIS data for a single vessel is used to determine the speed of the vessel when travelling between two given AIS data entries. An average 
speed for each vessel category at a given location is applied in MARCS. A map of the varying speeds along the route was created for each 
vessel category.

The entries of each vessel in the AIS dataset are linked throughout the study area based on the location and time stamp to create vessel 
tracks. The tracks present the general traffic patterns and route in the study area. To input the information into the MARCS model, it is 
necessary to consolidate the vessel tracks into the main traffic routes for the study area. The vessel frequency for each vessel type 
travelling along (co-flow and counter flow traffic) the defined main traffic route is inputted into the model. A vessel track frequency is 

of vessel tracks 
are captured on one of the defined main routes. This method allows for the large amount of AIS dataset to be accurately and efficiently 
utilized in the MARCS model.
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Figure 3-2 AIS Data Treatment Methodology

The AIS dataset, presented in Figure 3-3, was obtained from Merchants Exchange in Portland, OR. The period of coverage for the AIS data 
is from ‘2014-01-1 00:00’ to ‘2014-12-31 23:59’ (Ref. /3/).
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Figure 3-3 2014 AIS Tracks for All Transits

Figure 3-4 provides a close-up of the project vessel route and AIS tracks near the proposed terminal location.
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Figure 3-4 AIS Tracks near Project Location
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3.3 Vessel Type Categories
The vessel categories are used to group AIS descriptors together in categories. Each category of vessels has a common specified average 
speed, average size (DWT, LOA, and B) and set of risk reductions that are applied to each vessel. The average speed and size of vessel 
categories are derived from the AIS data.

3.3.1 Vessel Type Descriptions
The marine traffic risk assessment used AIS data to characterize vessel traffic. Vessel categories used in the navigational risk model 
included:

Cargo/Carrier

Passenger

Service

Tug

Fishing

Pleasure

Tanker

Other

Undefined

Table 3-2 provides a summary description of the typical vessel types operating on the Columbia River that correspond to the AIS vessel 
types used in the marine traffic risk assessment. A description of the information found in each column of Table 3-2 is summarized below. 

Vessel Category: Grouping of vessel types from the AIS Data. These are grouped by commonalities in function/service as well as
vessel dimensions.

AIS Vessel Types: Vessel categories extracted directly from AIS data which are then grouped into the “Vessel Category” field.

Service Description: Functions and operations typical to each vessel category.

Vessel Specifications: typical vessel dimensions including length, beam, draft and Dead Weight Tonnage (DWT)

Image: Photograph of a typical vessel from each category.
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Table 3-2 Typical Vessel Types Operating on the Columbia River

Vessel 
Category

AIS Vessel 
Types

Service 
Description

Typical Vessel 
Specifications

Image

Cargo/

Carrier 

Bulk carriers, 
container ships, 
general cargo 
ships,  automobile 
carriers, timber 
carriers 

Cargo/carrier 
vessels include a 
wide range of 
vessels commonly 
seen on the 
Columbia River 
carrying forest 
products; steel, 
ore, grain, potash, 
and other dry bulk 
cargoes; general 
cargo; 
containerships;
and automobiles.

Bulk Carriers (may 
include bulk, timber, 
general cargo):

DWT: 50,000 - 80,000,

Length: 650 - 965 ft

Beam: 100- 106 ft

Draft: 33 - 39.5 ft

Car Carriers: 

DWT:  18,638  

Length 650 ft

Beam: 105 ft

Draft: 27 ft

Example of a Bulk Carrier

Example of Car Carrier1

1 Marine Traffic. Photos of PASSERO (MMSI: 236111887). Available at: http://www.marinetraffic.com/en/photos/of/ships/shipid:204314/shipname:PASSERO/#forward
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Vessel 
Category

AIS Vessel 
Types

Service 
Description

Typical Vessel 
Specifications

Image

Container ships: 

DWT: 57,088

Length: 260 ft

Beam: 33 ft

Draft: 12.5

Example of Containership2

Tanker LPG tankers, oil 
tankers, chemical 
tankers

Carriage of bulk 
liquid or gas 
petroleum, 

hydrocarbon or 
chemical products

DWT:  65,000 – 80,000

Length: 965 ft

Beam: 106 ft

Draft: 41 ft

Example of an oil tanker

2 Marine Traffic. Photos of HORIZON SPIRIT (MMSI: 366629000). Available at:
http://www.marinetraffic.com/en/photos/of/ships/shipid:426112/shipname:HORIZON%20SPIRIT/mmsi:366629000
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Vessel 
Category

AIS Vessel 
Types

Service 
Description

Typical Vessel 
Specifications

Image

Tug General tugs, 
towing vessels, , 
towing long and 
wide

All tugs are 
included in this 

category, 
regardless of their 

service or 
configuration of 

tow (e.g., towing, 
pushing, ATB).

This category also 
includes barges 

attached to tugs.

Tugs:

Length: 50 ft 150 ft

Beam: 26 ft 35 ft

Draft: 9 ft 16 ft

Example of a general tug3

Fishing Trawlers, all 
commercial and
recreational 
fishing vessels

This category 
includes all 

commercial and 
fishing vessels.

Length: 100 180 ft

Beam: 25 45 ft

Draft:: 9 15 ft

Example of a fishing vessel4

3 Marine Traffic. Photos of STACY T (MMSI: 367516730). Available at: http://www.marinetraffic.com/en/photos/of/ships/shipid:448629/#forward
4 Vessel Finder.  JOYCE MARIE – Fishing Vessel. Available at : https://www.vesselfinder.com/vessels/ship-photo/0-367406690-99eacfaa3613eade55f4610e76c36c78/1
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Vessel 
Category

AIS Vessel 
Types

Service 
Description

Typical Vessel 
Specifications

Image

Service Military, law 
enforcement, 
search and rescue 
vessels, pilot 
vessels, pollution 
control vessels

U.S. Coast Guard 
vessels are 
captured in AIS as 
either Military, Law 
Enforcement, or 
SAR vessels.

Pilot vessels are 
vessels whose 
specific function is 
the transport of 
pilots to/from 
vessels subject to 
pilotage.

Pollution control 
vessels inlcude 
vessels specifically 
designated for 
pollution response.

Coast Guard vessels 
range in length from 22 

ft to over 300 ft. 

Length:  72 ft 

Beam:  20 ft 

Length: 20 ft - 40 ft 

Beam: 6 ft – 20 ft

Example of U.S. Coast Guard Search and Rescue 
vessel

Pilot Vessel COLUMBIA5

5 Marine Traffic. COLUMBIA. Available at: http://www.marinetraffic.com/en/ais/details/ships/shipid:441374/mmsi:367331730/vessel:COLUMBIA
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Vessel 
Category

AIS Vessel 
Types

Service 
Description

Typical Vessel 
Specifications

Image

Passenger Ro-Ro/Passenger 
ships (i.e., car 
ferries), inland 
passenger ships, 
passenger ferries

The Oscar B 
(Waikiakum 

County ferry) is 
the only car ferry 

on the Lower 
Columbia River.

Passenger vessels 
include cruise 

ships, passenger 
ferries, small 

passenger vessels
(SPV) (as defined 

in 46 U.S.C. 
§2101) used for
such purposes as 

day trips and 
dinner cruises..

Ro-Ro Passenger 
Vessel:

Length: 109.2 ft

Breadth: 47.5 ft

Draft: 6 ft

Inland Passenger Ship: 

GT: < 100

Length: 80-150 ft 

Beam: 30-40 ft

Draft: 6-12 ft

Example of a Ferry (Ro-Ro Passenger Vessel)6

Example of an SPV, American Empress7

6 Churchill, D.  Astoria Day Trips, Bridges and Ferries. Available at: https://astoriadaytrips.wordpress.com/bridge-and-ferry/
7 FleetMon. Photo of AMERICAN EMPRESS. Available at: https://www.fleetmon.com/vessels/american-empress_9263538_15186/photos/1221103/
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Vessel 
Category

AIS Vessel 
Types

Service 
Description

Typical Vessel 
Specifications

Image

Pleasure Pleasure crafts, 
yachts, sailing 
vessels

Wide range Length: 20 ft – 150 ft

Beam: 8 ft – 40 ft

Draft: 3 ft – 15 ft

Example of a pleasure craft8

Other Dredgers, Cable 
Layers, Offshore 
Supply Vessels, 
Replenishment 
Vessels, Heavy 
Lift Vessels 

Wide range. Length: 150 - 800 ft

Beam: 30 - 180 ft

Draft: 13 – 30 ft

Dredge vessel YAQUINA9

8 Marine Traffic. Photos of GEORGE EMERGY (MMSI: 367465340). Available at: http://www.marinetraffic.com/en/photos/of/ships/shipid:446392/#forward
9 Marine Traffic. YAQUINA. Available at: http://www.marinetraffic.com/en/ais/details/ships/shipid:430981/mmsi:366971000/vessel:YAQUINA
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Vessel 
Category

AIS Vessel 
Types

Service 
Description

Typical Vessel 
Specifications

Image

Undefined Vessels where 
vessel type is 
missing from AIS 
data 

Sometimes vessel 
operators fail to 
enter the proper 

Vessel Type in AIS. 
This results in the 
receipt of an AIS 
signal, but the 
signal does not 

include sufficient 
data to provide 

identifying 
characteristics

about the vessel.

N/A N/A
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3.4 Vessel Traffic Cross Sections
Cross sections were placed at various locations to perform an analysis of the type of traffic transiting the 
Columbia River. At each cross section, the number of vessels that passed through the defined section was
taken to be a transit. 

Cross sections are areas where “slices” of 2014 AIS vessel traffic data were extracted to retrieve information 
on vessel traffic density. More specifically, cross sections were used to identify where vessels transit, classify 
vessel traffic trends and patterns, and understand the composition of vessel types over the study area.  
Findings from cross sections are then used to understand how traffic trends, patterns and composition can 
affect quantitative model results generated in MARCS, DNV GL’s proprietary navigation risk model (see 
Section 4). 

Figure 3-5 presents the locations of the defined cross sections.

Figure 3-5 Cross Sections for Traffic Analysis

Figure 3-6 presents the distribution of vessel types that transit through each cross section.
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Figure 3-6 Vessel Type Distribution at Cross Sections (2014 AIS Data)

Figure 3-6 presents the number of transits through the defined cross sections, combined with the number of 
transits contributed by each vessel type. It can be seen that more vessels passed through the cross sections 
at the mouth of the Columbia River.
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Figure 3-7 Number of Transits per Cross Section by Vessel Type (2014 AIS Data)

3.5 Vessel Traffic Density by Vessel Type
AIS data was used to map the traffic density in the study area. The AIS dataset was translated into the 
number of AIS points per grid cell (0.005 x 0.005 decimal degrees), which was interpreted as vessel 
density.

Figure 3-7 to Figure 3-16 present the density of each ship type as a ‘heat map’ with yellow representing the 
least dense areas and dark blue represent the densest areas.

It is noteworthy that areas of slower speeds, such as direction changes in the channel, are shown as higher 
density areas on the heat maps. This is assumed to occur because when vessels travel at a slower speed, 
they are transmitting more AIS data while in that area than if they were travelling at higher speeds. The 
figure shows that areas of relatively greater density begin to occur around the Columbia River bar and 
persist in the navigable channel past Longview. 

DNV GL  – Report No. PP141993-2, Rev. 1 – www.dnvgl.com Page 23



Figure 3-8 2014 AIS Density Profile for All Vessels Transits
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Figure 3-9 2014 AIS Density Profile for Cargo/Carrier Transits
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Figure 3-10 2014 AIS Density Profile for Fishing Transits
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Figure 3-11 2014 AIS Density Profile for Other Transits

DNV GL  – Report No. PP141993-2, Rev. 1 – www.dnvgl.com Page 27



Figure 3-12 2014 AIS Density Profile for Passenger Transits
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Figure 3-13 2014 AIS Density Profile for Pleasure Transits
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Figure 3-14 2014 AIS Density Profile for Service Transits
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Figure 3-15 2014 AIS Density Profile for Tanker Transits
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Figure 3-16 2014 AIS Density Profile for Tug Transits
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Figure 3-17 2014 AIS Density Profile for Undefined Transits

3.6 Vessel Traffic by Vessel Transit Speed
Figure 3-17 to Figure 3-26 present the average speeds determined from the time stamps in the AIS dataset. The figures show that the 
vessels along the project vessel route generally transit at a speed between 6 and 12 knots. The estimated average speeds for each vessel 
type (based on the AIS data) are presented in Table 3-3.
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Table 3-3 Average Speed by Vessel Types
Vessel Category Speed (knots) 

Cargo/Carrier 12 
Fishing 9 
Other / Undefined 9 
Passenger 10 
Pleasure 9
Service 15 
Tanker 12 
Tug 8 

Figure 3-18 presents the speed profile for all vessel transits.

Figure 3-18 2014 AIS Speed Profile for All Vessels Transits
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The speed profile of cargo/carrier vessels, Figure 3-19, shows a consistent speed distribution between 9 knots and 15 knots along the 
navigable channel. Slower speeds due to anchorage areas are present near Astoria.

Figure 3-19 AIS Speed Profile for Cargo/Carrier Transits

DNV GL  – Report No. PP141993-2, Rev. 1 – www.dnvgl.com Page 35



The speed profile of fishing vessels, Figure 3-20, shows a speed distribution between 6 knots and 12 knots along the navigable channel.

Figure 3-20 AIS Speed Profile for Fishing Transits
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The speed profile of other vessels, Figure 3-21, shows many variations in speed along the waterway. The areas of highest speed are on the 
northeast side of Tenasillahe Island and Puget Island, where the AIS data shows other vessels reach speeds of over 17 knots.

Figure 3-21 AIS Speed Profile for Other Transits
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The speed profile of passenger vessels, Figure 3-22, shows a consistent speed distribution between 9 knots and 12 knots along the 
navigable channel. Areas of reduced speed, between 6 and 9 knots, are present near Astoria.

Figure 3-22 AIS Speed Profile for Passenger Transits

Figure 3-23 presents the speed profile for pleasure vessels. Pleasure vessels typically travel at approximately 9 knots, with slower speeds 
near Astoria.
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Figure 3-23 AIS Speed Profile for Pleasure Transits

Figure 3-24 presents the speed profile for service vessels. Service vessels travel at approximately 15 knots. Areas of speeds between  6 
and 9 knots are present along the route.
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Figure 3-24 AIS Speed Profile for Service Transits

Figure 3-25 presents the speed profile for tankers. The profile shows that tankers travel at a generally uniform speed between 9 and 12 
knots.
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Figure 3-25 AIS Speed Profile for Tanker Transits

Figure 3-26 presents the speed profile for tug transits. Tugs typically travel between 6 and 9 knots, with some areas along the route 
reaching speeds between 9 and 12 knots.
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Figure 3-26 AIS Speed Profile for Tug Transits

Figure 3-27 presents the traffic profile for undefined vessels. Typically undefined vessels travel between 9 and 12 knots. However, due to
the nature of the “undefined” vessel category, this is much variation in speed.
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Figure 3-27 AIS Speed Profile for Undefined Transits
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4 MARINE INCIDENT AND OIL SPILL DATA SURVEYS
This section presents the results of a survey describing typical damage outcome or severity of marine 
incidents as well as frequency and severity of reported oil spills in the study area. This survey also provides 
a coarse review of severity from marine incidents in U.S. waters. The purpose of these data surveys is to 
provide a basis for evaluating the incremental risk from the proposed project, as estimated in this study.

Figure 4-1 and Figure 4-2 describe the data processing and categorization that were applied for the two 
objectives listed in Section 2.1.

Figure 4-1 Incident Severity Data Survey Methodology
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Figure 4-2 Oil Spill Frequency Data Survey Methodology

4.1 Review of Incident Severity in U.S. Waters
The information presented in this section is based on data obtained from the U.S. Coast Guard’s Marine 
Information for Safety and Law Enforcement (MISLE) database and covers all available data from 2001
through 2014 (Ref. /4/). This period was chosen as it covers over 99% of all collision, grounding, and 
allision incidents reported in the dataset. The remaining 1% of data are sparsely distributed 1900 to 2000.
The data are presented for the vessel types reported in the MISLE database, which are comparable to those 
identified in the AIS data, and are not predictive of bulk carrier casualties.  

The “Accident Type” field includes 26 different entry categories. Of these, only incident types collision,
allision, and a combination of grounding / set adrift were analyzed because the objective of this data survey 
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is to provide context around the consequences of the incidents evaluated in this navigational risk study 
which are limited to collisions, powered and drift groundings, and allisions.

The severity of a marine incident is captured in the “Damage Status” field of the MISLE data, which 
describes damage to the vessel(s) implicated in the incident and includes five different categories. For the 
purposes of this analysis, the categories Actual Total Loss, Total Constructive Loss: Salvaged, and Total 
Constructive Loss: Unsalvaged were combined into a single category called “Total Loss”. The other two 
categories are Damaged and Undamaged.

Table 4-1 and Table 4-2 present the severity distribution for the three incident types discussed above. 

Table 4-1 Incident Severity by Incident Type for U.S. Waters – Incident Count
(USCG MISLE data 2001-2014)

Damage Status Total Loss Damaged Undamaged Total

Allision 149 4,525 5,479 10,153

Collision 114 2,092 1,727 3,933

Grounding /Adrift 364 3,929 12,162 16,455

TOTAL 627 10,546 19,368 30541

Table 4-2 Incident Severity by Incident Type for U.S. Waters - % of incidents
(USCG MISLE data 2001-2014)

Damage Status Total Loss Damaged Undamaged Total

Allision 1% 45% 54% 100%

Collision 3% 53% 44% 100%

Grounding /Adrift 2% 24% 74% 100%

TOTAL 2% 35% 63% 100%

4.2 Review of Incident Severity in the Lower Columbia River
The same approach was applied to data covering incidents within the study area. Table 4-3 and Table 4-4
present the outcome distribution for marine incidents that took place between the Columbia River mouth 
and the Port of Portland. 

The results of this data survey are very similar to those from nation-wide incidents in that approximately 
two-thirds of incidents result in no damage, one-third in some damage to the vessel(s) involved and slightly 
less than 3% result in a vessel total loss.
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Table 4-3 Incident Severity by Incident Type for Study Area – Incident Count
(USCG MISLE data 2001-2014)

Damage Status Total Loss Damaged Undamaged Total

Allision 3 24 29 56

Collision 1 9 9 19

Grounding /Adrift 1 16 59 76

TOTAL 5 49 97 151

Table 4-4 Incident Severity by Incident Type for Study Area - % of incidents
(USCG MISLE data 2001-2014)

Damage Status Total Loss Damaged Undamaged Total*

Allision 5% 43% 52% 100%

Collision 5% 47% 47% 100%

Grounding /Adrift 1% 21% 78% 100%

TOTAL 3% 32% 64% 100%

*Note: Sum of percentages do not always add up to 100% due to rounding. 

This data was further parsed to show incident severity by incident type and vessel type. All vessel types 
presented found in the AIS data and described in Section 3.3 are covered in the USCG MISLE database. 

Table 4-5 presents the distribution of incident severity for all incident types by vessel type for the study area.
Table 4-6 to Table 4-8 present the distribution of incident severity by incident type and vessel type for the 
study area. These tables show that collisions appear to result in the highest severity outcomes, with 5% 
resulting in a vessel loss and 47% resulting in damage to the vessel(s) involved in the incident. Allisions 
have the second highest severity outcomes with 5% vessel loss and 43% damage. Groundings result in only 
1% vessel loss and 21% vessel damage .

It is worth noting that none of the total loss outcomes reported in the data were due to grounding, collision 
or allision incidents involved carriers or vessels of similar size. The only vessel categories reported as a total 
loss in any of these incident types were passenger vessels, fishing vessels and recreational vessels.
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Table 4-5 Outcome Distribution for All Marine Incidents - Study Area Only
(USCG MISLE data 2001-2014)

Damage Status Total Loss Damaged Undamaged Total 

Barge 0% 2% 7% 9%

Bulk Carrier 0% 2% 16% 18%

Fishing Vessel 2% 5% 13% 21%

General Dry Cargo Ship 0% 1% 3% 4%

Miscellaneous Vessel 0% 1% 0% 1%

Passenger Ship 1% 8% 7% 15%

Recreational 1% 3% 0% 3%

Ro-Ro Cargo Ship 0% 1% 1% 2%

Tank Ship 0% 0% 2% 2%

Towing Vessel 0% 7% 13% 20%

UNSPECIFIED 0% 1% 3% 4%

Warship 0% 1% 0% 1%

TOTAL 3% 32% 64% 100%

Table 4-6 Outcome Distribution for Allisions - Study Area Only
(USCG MISLE data 2001-2014)

Damage Status Total Loss Damaged Undamaged Total 

Barge 0% 2% 14% 16%

Bulk Carrier 0% 4% 5% 9%

Fishing Vessel 5% 2% 4% 11%

General Dry Cargo Ship 0% 4% 0% 4%

Miscellaneous Vessel 0% 2% 0% 2%

Passenger Ship 0% 13% 4% 16%

Recreational 0% 2% 0% 2%

Ro-Ro Cargo Ship 0% 2% 0% 2%

Towing Vessel 0% 11% 23% 34%

UNSPECIFIED 0% 4% 2% 5%

TOTAL 5% 43% 52% 100%
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Table 4-7 Outcome Distribution for Collisions - Study Area Only
(USCG MISLE data 2001-2014)

Damage Status Total Loss Damaged Undamaged Total 

Barge 0% 0% 11% 11%

Fishing Vessel 0% 11% 11% 21%

Miscellaneous Vessel 0% 5% 0% 5%

Passenger Ship 0% 5% 5% 11%

Recreational 5% 16% 0% 21%

Tank Ship 0% 0% 5% 5%

Towing Vessel 0% 5% 11% 16%

UNSPECIFIED 0% 0% 5% 5%

Warship 0% 5% 0% 5%

TOTAL 5% 47% 47% 100%

Table 4-8 Outcome Distribution for Groundings - Study Area Only
(USCG MISLE data 2001-2014)

Damage Status Total Loss Damaged Undamaged Total 

Barge 0% 3% 1% 4%

Bulk Carrier 0% 1% 28% 29%

Fishing Vessel 0% 7% 21% 28%

General Dry Cargo Ship 0% 0% 5% 5%

Passenger Ship 1% 5% 9% 16%

Ro-Ro Cargo Ship 0% 0% 3% 3%

Tank Ship 0% 0% 3% 3%

Towing Vessel 0% 5% 5% 11%

UNSPECIFIED 0% 0% 3% 3%

TOTAL 1% 21% 78% 100%

4.3 Review of Oil Spill Data from the Lower Columbia River
In order to properly assess the potential bunker oil spill risk contributed by the project in 2028 and 2038, a 
survey of historical oil spill data from the Lower Columbia River was performed. The purpose of this data 
survey is to establish the baseline risk of any hydrocarbon spill for the study area, and is not limited to spills 
of bunker oil. Additionally, all vessel and incident types included in the data are considered. Estimates of the 
oil spill risk contributed by the project can then be compared to this baseline in order to quantify the 
increase in risk contributed by the project in 2028 and 2038.

Data on all reported oil spills, including bunker oil spills, were reviewed from the following three databases 
for the period between January 1, 2004 and December 31, 2014. All three datasets overlap during this 
eleven year time period therefore providing the most complete data coverage of oil spill risk available for the 
study area. 

DNV GL  – Report No. PP141993-2, Rev. 1 – www.dnvgl.com Page 49



USCG MISLE Data: described in Section 4.1.

SPIIS Data from Washington State Department of Ecology: The Spills Program Incident Information 
System (SPIIS) tracks Spill Program incidents and actions. The data only include vessels that are 
"covered" by state requirements for planning, preparedness, and liability in case of any vessel 
emergency that results in the discharge or substantial threat of discharge of oil into state waters. A 
"covered" vessel is a commercial vessel of 300 or more gross tons and can be a tank vessel, cargo 
vessel, or passenger vessel.

The Washington State's Environmental Report Tracking System (ERTS) database collects data on all 
incidents reported to the state as required by law (RCW 88.46.100 for "covered" vessels; and RCW 
90.56.280 duty of anyone with knowledge of a discharge into the waters of the state to notify Coast 
Guard and State Division of Emergency Management) that could result in the discharge or 
substantial threat of discharge oil into state waters. 

When combining these three datasets, all duplicative entries were removed and only incidents with actual 
reported spills of petroleum or petroleum products were considered.  All vessel categories and incident types 
are considered in the data survey as the objective of this survey is to establish the baseline oil spill 
frequency for the study area.

Table 4-9 and Figure 4-3 present oil spill incident counts and spill frequencies by spill volume and incident 
type. Spill volumes per incident range from 0.1 to 1,603 gallons. The average oil spill frequency for the 
study area is 15.6 spills per year with 84% of these spills having a volume of less than 10 gallons. Spills of 
more than 100 gallons have occurred at a frequency of 0.4 per year or once every 2.2 years. The average 
size of these larger spills is approximately 630 gallons with the largest being a 1600 gallon spill from a barge 
in 2011.

Other datasets with sparser coverage of the oil spills on the Columbia River do exist and include records of 
some larger spills including a 4,600 gallon bunker oil spill from a chemical tanker in 2003. These datasets
are not included in this survey as their sparseness makes spill frequency estimates unreliable but they do
provide data points on the historical size of oil spills on the Lower Columbia River including several spills 
larger than 1600 gallons.
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Table 4-9 Oil Spill Incident Count and Frequency - Lower Columbia River (2004-2014)

Incident Type

Oil Spill Incident Count by Spill Volume 
Oil Spills 

/year< 1 gal
1 - 10

gal
10 -

100 gal
> 100 

gal
Total

Allision 1 - - - 1 0.1

Capsize 1 - - - 1 0.1

Damage to the Environment 123 57 28 6 214 15.3

Grounding - - 1 - 1 0.1

Sinking - 2 - - 2 0.1

Total 125 59 29 6 219 15.6

Spills /year 8.9 4.2 2.1 0.4 15.6

Figure 4-3 Oil Spill Frequency by Volume (Lower Columbia River 2004-2014)
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5 MODELING APPROACH
Figure 5-1 presents general approach to DNV GL’s navigation study. Inputs and assumptions were applied to
two models. DNV GL’s proprietary model, Marine Accident Risk Calculation (MARCS) and the allision 
calculation were used to estimate navigation incident frequencies; further data analysis was performed to 
measure the incremental impact of the proposed project. MARCS and the oil spill methodology was used to 
estimate bunker spill frequencies of project and non-project vessels; the Naval Architecture Package (NAPA) 
was then used to estimate the conditional probabilities of bunker oil spill volumes for project vessels. Further 
data analysis was performed to measure the incremental impact of the proposed project.

Preliminary MARCS and NAPA results were presented in a stakeholder workshop with DNV GL, ICF 
International, Washington State Department of Ecology ( Ecology), Cowlitz County, U.S. Environmental 
Protection Agency (EPA), U.S. Coast Guard (USCG), and the U.S. Army Corp of Engineers Sector Columbia 
River (USACE) on November 9, 2015. Study conclusions are based on the incremental impact of the 
proposed project in 2028 and 2038, and the conditional probability of bunker oil spill volumes.

Figure 5-1 General Approach to DNV GL's Navigation Study

5.1 Inputs and Assumptions
5.1.1 Case Definitions
DNV GL has modelled five cases to present a full picture of the risks on the Columbia River due to the 
proposed project. The cases are defined in Table 5-1.
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Table 5-1 Case Definitions

Scenario
1. Existing 
Conditions 

2014

2. No Action 
2028

3. Proposed 
Project 2028

4. No Action 
2038

5. Proposed 
Project 2038

Non-project
vessels

2014 AIS data AIS (including 
projected growth 
rate to 2028)

AIS (including 
projected growth 
rate to 2028)

AIS (including 
projected growth 
rate to 2038) + 
additional traffic 
from future 
projects

AIS (including 
projected growth 
rate to 2038) + 
additional traffic 
from future 
projects

Project
vessels

6 calls / year (1 
ship type)*

26 calls / year (3 
ship types)*

840 calls / year 
(2 ship types)

26 calls / year (3 
ship types)*

840 calls / year 
(2 ship types)

*Will not be studied separately from non-project vessels

The projected growth rate will be further discussed in Section 5.1.3.

5.1.2 Route
The geographic extent of the work is from 0.5 nautical mile (NM) upriver of the proposed terminal to the 
mouth of the Columbia River at the boundary of the Territorial Sea. The route is presented in Figure 5-2.

Figure 5-2 Project Vessel Inbound and Outbound Route
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5.1.3 Traffic Increase and Potential Projects
An increase of 1% per year was applied to the 2014 baseline traffic data for all vessel categories; with the 
exceptions of project vessels which will remain constant from 2028 on (Ref. /5/).

Projected increases in vessel traffic from reasonably foreseeable future projects were also included in the 
analysis. These projects were identified through research and conversations with various stakeholders in the 
study area. The number of vessels expected to be added to river traffic was added to specified areas after 
the 1% per year increase has been applied. Vessel traffic from potential future projects are shown in 

Table 5-2 and Figure 5-3 below – this additional vessel traffic is applied in case 4 and case 5 only (2038 with 
and without the project).

Table 5-2 Vessel Traffic from Potential Future Projects 
Project Location Vessels 

per Year * 
Anticipated Vessel 

Type and Cargo

Columbia Pacific Bio-Refinery Port Westward –
Clatskanie, OR 108 Tanker – Crude Oil

Columbia River Carbonates Woodland, WA 24 Cargo – Calcium 
Carbonate Stone

Coyote Island Terminal Project Port of Morrow –
Broardman, OR 133 Cargo - Coal

Kalama Manufacturing and Marine 
Export facility

Port of Kalama-Cowlitz 
County, WA 54 Carrier - Methanol

LPG Facility – Pembina Pipeline Corp. Port of Portland 30 Carrier - Propane

Northwest Innovation Works, LLC Port Westward in 
Clatskanie, OR 54 Carrier - Methanol

Oregon LNG Warrenton, OR 125 Carrier - LNG

Riverside Refinery Port of Longview, WA 24 Tanker – Crude Oil

Vancouver Energy Project Port of Vancouver, WA 290 Tanker - Crude Oil

Vancouver Transportation Logistic 
Improvement Port of Vancouver, WA 18 Tanker – Crude Oil

Washington Energy Storage and 
Transfer Port of Longview, WA 54 Carrier - LPG

*Included in 2038 MARCS models, no-project and with-project scenarios.
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Figure 5-3 Terminal Locations and Annual Call Frequency for Potential Future Projects

5.1.4 Environmental Data
The MARCS model utilized met-ocean data that include wind speed, wind direction, and visibility statistics for 
the study area. To ensure high levels of accuracy, these data should cover areas in close proximity to the 
shipping route that project vessels will use at the approach to and from the terminal. The categories of data 
that would be implemented are as follows:

Visibility data 

Wind data 

Sea-state data 
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The stations from which data were obtained are presented in Figure 5-4.

Figure 5-4 Weather Data Station Locations

Each station has a particular area of coverage that must be assigned in the MARCS model. The coverage 
areas for each station are presented in Figure 5-5.
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Figure 5-5 Areas of Coverage for Weather Stations

5.1.4.1 Wind Data
The wind data provide magnitude and corresponding probabilities for all relevant scenarios which were input 
into MARCS as factors that affect grounding frequencies. The wind data were divided into four speed 
categories (0-20, 20-30, 30-45, 45+ knots).  

The probability of occurrence for the wind speed categories applied in MARCS is presented in Table 5-3.

Table 5-3 Wind Speeds Applied in MARCS (probability of occurrence) (Ref. /6/, /7/, /8/, /9/)

Weather Station 0-20 knots 20-30 knots 30-45 knots >45 knots

Buoy 46029 0.88 0.11 0.01 0.00

Astoria 0.99 0.00 0.00 0.00

Longview 1.00 0.00 0.00 0.00

Due to lack of available sea state data, sea-state is taken as a function of wind speed.
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5.1.4.2 Visibility Data
The probability of occurrence for good and poor visibility applied in MARCS is presented in Table 5-4.

Table 5-4 Visibility Data Applied in MARCS (probability of occurrence) (Ref. /7/,/8/,/9/)

Weather Station Good (>2 nm) Poor (<2 nm)

Astoria 0.87 0.13

Longview 0.98 0.02

Good visibility is defined as visibility greater than 2 nm; poor visibility is defined as visibility less than 2 nm.

5.1.5 Existing & Assumed Risk Reduction Measures
Risk reduction options are applied to vessels transiting the study area based on vessel type and location. 
The risk reductions applied in the modeling per vessel category are shown in Table 5-5.

Table 5-5 Risk Reduction Options Applied by Vessel Category

Project Vessels
Tankers /

Cargo Carriers
Tug

All Other 

Vessels

TV32 Yes Yes Yes No

Pilotage Yes Yes Yes No

Portable Pilotage Unit Yes Yes Yes No

Digital Global 

Positioning Satellite
Yes Yes No No

Conventional Aids to 

Navigation
Yes Yes Yes Yes

Electronic Chart 

Display and 

Information System

Yes Yes No No

Port State Control Yes Yes No No

Under Keel Clearance 

Management
Yes Yes No No

The subsequent sections detail the effects of the above risk reduction options. 

5.1.5.1 Transview32
TV32 is a real time, vessel traffic information and management system that provides a real-time portrayal of 
vessel movements and interactions on the river along with water depth, current flow information and 
updated bathymetry charts. It combines four different systems that provided 2-centimeter spatial resolution 
accuracy (Ref. /10/):

AIS

ENC and ECDIS
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NOAA Nautical Charts

NOAA Physical Oceanographic Real-Time System (PORTS)

DGPS

PORTS creates a layered architecture of ocean technologies (i.e., three acoustic sensors, with a back-up 
pressure sensor for freezing conditions) to measure surface current speeds, water depth, and wind direction 
and speed. The resolution of all acoustic and pressure sensors is 1 mm and the sample interval is every six 
minutes. Data are transmitted and displayed on the TV32 interface every six minutes. 

TV32 may enhance Bar and River Pilot’s performance by: 

Providing redundancy against ship navigational equipment failure or incorrect calibration. 

Providing improved accuracy compared to the ship’s own equipment. 

Providing fine spatial and time resolutions

Providing a layered architecture of technology systems for increased situational awareness.

Allowing Pilots to accurately determine vessel meeting points to facilitate informed decision making 
regarding navigation, anchorage, and traffic coordination.

TV32 is considered a Vessel Traffic Information System (VTIS). The risk reduction factor of TV32, as its own 
unique navigation tool, was not quantified. 

Risk reduction factors for a Vessel Traffic Service (VTS) have been quantified by DNV GL. The USCG
operates Vessel Traffic Centers (VTC) which provide a VTS in 12 ports in the U.S. One of the differences
between a VTS and a VTIS is that in a VTS, vessel location, speed and course data are consolidated in a 
centralized location, such as a control room (typically staffed by USCG personnel who, when necessary, are 
authorized by the local Captain of the Port to provide direction to vessel masters) and relevant information is 
disseminated from the control room to ships in the area. In a VTIS, vessel location, course, and speed data 
are made available directly to vessels operating in the area so that navigation decisions can be agreed upon 
between the pilots. As such, TV32 is regarded to be an efficient form of data dissemination given the nature 
of vessel traffic management on the Columbia River where navigation decisions are made by Columbia River 
Bar Pilots and Columbia River Pilots.  

Table 5-6 summarizes a selection of relevant studies addressing the reduction in collision and grounding 
frequencies based on implementation of a VTS. 
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Table 5-6 Summary of Studies that Quantify the Effects of VTS
Study Information
COST-301: Shore-based Marine 
Navigation Aid Systems (Ref. /11/)

Estimated radar-based VTS would provide a 40% risk reduction for 
collisions and groundings

Ship Collision with Bridges (Ref. /12/) Found a 50% to 67% risk reduction
The Estimation of Collision Risk for 
Marin Traffic in UK Waters (Ref. /13/)

Indicated that the effects of VTS were most prominent in thick fog 
Example:  In the case of crossing encounters with 99% clear and 1% thick 
fog, a 57% reduction was found

Safety of Shipping in Coastal Waters 
Summary Report (Ref. /14/)

Quoted data from the Western Sheldt estuary that indicated  a 40% risk 
reduction for collisions and a 20% risk reduction for powered groundings

Summary Report on Evaluating VTS 
and Pilotage as Risk Reduction 
Measures (Ref. /15/)

Reports various studies in the Baltic area obtaining a 55% to 80% risk 
reduction

The progressive adoption of VTS may contribute to an overall decrease in global incident frequencies of 
collisions and groundings, as the studies indicate. This collectively resulted in a 43% risk reduction for 
groundings and 30% risk reduction for collisions. 

TV32 does not have USCG 24/7 oversight as a VTS does, although for the purposes of this study, DNV GL 
finds it appropriate to give TV32 the same level of risk reduction as VTS.

5.1.5.2 Pilotage
Pilotage would be compulsory for all project vessels. The presence of Bar and River Pilots was accounted for 
in MARCS for project vessels, as well as on cargo/carriers, tankers, and tugs . Pilotage was included as a risk 
control measure, decreasing the frequency of collision and powered grounding.  

When representing the effects of Pilotage, or any risk reduction option, in MARCS, the model parameters are 
modified according to Performance Shaping Factors (PSFs). A performance shaping factor is a factor that 
accounts for a risk reduction and is defined as:=                
Previous worldwide research listed in Table 5-7 quantified the effects of Pilotage. PSFs for Pilotage were used 
to account for an estimated 26% reduction of incident frequency for collision, and a 51% reduction of 
incident frequency for powered grounding. 

Table 5-7 Summary of Studies that Quantify the Effects of Pilotage
Study Information

Ship Collision with Bridges (Ref. /12/) Indicates that a Pilot on board reduced incident frequency by 
83%

Risk Assessment of Pollution from Oil and Chemical 
Spills in Australian Ports and Waters (Ref. /16/)

49% risk reduction for compulsory Pilotage for majority of 
ships

Assessment of the Risk of Pollution from Marine Oil 
Spills in Australian Ports and Waters (Ref. /16/)

Updated 1999 DNV study recently as a 50% risk reduction for 
“non-compulsory Pilotage”

Summary Report on Evaluating Pilotage as Risk 
Reduction Measures (Ref. /15/)

Reports various studies using risk reduction factors in the 
range of 50%-97% reduction. Note: No data in this report is 
used in this study to support specific risk reduction factors. 
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5.1.5.3 Portable Pilotage Unit
The Portable Pilotage Unit (PPU) is a portable GPS unit, which gives Pilots their own source of accurate 
heading and positioning data, displayed on an electronic chart. It can be seen as a support tool to enhance 
the pilot’s navigational performance. PPUs’ benefits include: 

Familiarity to Pilots. 

Provides additional redundancy against ship navigation equipment failure or incorrect calibration.

Provides onboard VTIS to a Pilot in real time. 

Combined with pilotage, it is judged that PPU was modelled to improve the pilot’s human error performance 
with respect to powered grounding by 10%. The effects of collisions are assumed to be negligible in 
comparison.

5.1.5.4 Differential Global Positioning Systems 
Differential Global Positioning Systems (DGPS) signals allow a receiver to calculate its position based on 
signals received from triangulation of GPS satellites, thereby enhancing GPS. 

The advantages of DGPS over conventional aids to navigation (AtoN) are that: 

It provides a very accurate and continuously updated calculation of the ship’s position in all weather 
conditions. 

It requires less time than conventional navigation and hence reduces bridge workload (i.e., by 
plotting on a conventional chart).

Although DGPS is widely believed to make a major contribution to the safety of navigation, there are no 
known studies that provide a comparison between incident rates of vessels equipped with DGPS versus 
vessels with conventional (non-GPS) navigation. Figure 5-6 shows the global historical trend in the frequency 
of groundings in the world-wide fleet, most of which are powered groundings. The frequency of total losses 
has declined at an average rate of approximately 5.5% per year. However, when serious casualties and non-
serious incidents are included, the frequency appears to increase from 2002 to 2007. The causes were not 
entirely clear, but the effect was that the global historical trend does not show any clear decline that could 
be apportioned into its various causes, including aids to navigation, changes in operating procedures and 
safety management. 
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Figure 5-6 Global Grounding Frequency Trends, 1980-2010
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The best available data concerning causes of grounding incidents studied Norwegian registered ships over 
1,600 Gross register tonnage (GRT) during 1970 to 1978. It described the main causal areas as shown in 
Table 5-8.

Table 5-8 Causal Factors in Groundings, 1970-78 (Ref. /17/)

Causal Factor Contribution
External conditions 39.9%

Channel and shallow water 18.9%

Reduced visibility 12.6%

Fault/deficiency of lights, marks etc. 6.4%

Other external conditions 2.0%

Technical failure 8.8%
Fault in the ship’s technical systems 5.7%

Other technical failures 3.1%

Inadequate navigational factors 18.9%
Bridge manning/organization 8.4%

Error/deficiency in charts/publications 8.1%

Other navigational factors 2.4%

Navigational error 22.9%

Navigation and maneuvering factors 11.7%

Misinterpretation of lights/marks 8.4%

Other navigational error 2.8%

Non-compliance 8.1%

Inadequate coverage of the watch 5.7%

Other non-compliance 2.4%

Other ship 1.4% 1.4%

Total 100.0% 100.0%

Errors in conventional navigation, which might be prevented by GPS, were represented by “misinterpretation 
of lights/marks”, and amounted to 8.4% of incidents. GPS would not necessarily prevent all such errors, and 
indeed may have some negative impacts that would not be visible in data from this period. However, GPS 
might have indirect benefits on all navigational errors. Therefore a reduction in groundings of 8.4% is 
justified by this data as all project vessels will be equipped with GPS. 

5.1.5.5 Conventional Aids to Navigation
Conventional aids to navigation are key enablers for spatial awareness, leading to safe navigation. Aids on 
the Columbia River comprise a group of interacting external reference devices intended to collectively 
provide sufficient and timely information with which to safely navigate (Ref. /18/). The aids include a series 
of fixed and floating aids, which are visual, aural, electronic or any combination of all three.

There is no obvious baseline (i.e. risk without AtoN) that could be used for comparison. However, it is 
possible to consider the benefits of improvements in conventional AtoN.
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Data shown in Table 5-8 were used to indicate the effects of conventional AtoN in reducing powered 
grounding. Using conventional AtoN decreases the number of incidents related to deficiency or fault of lights 
and markings by 6.4%. Therefore, a reduction in groundings by 6.4% can be justified by these data. 

5.1.5.6 Electronic Navigation Charts on ECDIS
An Electronic Chart Display and Information System (ECDIS) is an electronic navigation aid that can be used 
instead of paper charts and publications to plan and display a ship’s route and plot, and monitor its position 
throughout a voyage. 

ECDIS’s benefits include: 

• It provides a continuous display of a vessel’s position in relation to land, charted objects, aids to 
navigation and possible unseen hazards.  

• It provides an improved representation of the vessel’s position, compared to paper charts.

• It reduces the workload due to position plotting. 

• It can be located where convenient on the bridge, so as to enable the watch-keeper to maintain a 
good lookout, instead of needing a screened chart table.  

• It allows charts to be updated in a more efficient way by inserting a CD into the ECDIS computer, 
instead of manually annotating paper charts.  

• It allows route planning and continuous monitoring.

• It provides improved functionality, such as: 

o Location polygons can be defined and alarms set if the ship exits defined safe areas.

o AIS data can be displayed.

o Radar targets can be superimposed on the ECDIS. 

The potential risk reduction achieved by implementation of ECDIS was evaluated in previous research. A
Formal Safety Assessment (FSA) was submitted to IMO Marine Safety Committee in 2006 in connection with 
a proposal for ECDIS carriage requirements. The assessment concluded that ECDIS reduced grounding risk 
by approximately 36%. This was due to a combination of more time available on the bridge for situational 
awareness, more efficient plotting of the ship’s position and more efficient updating routines. A subsequent 
study (Ref. /19/) that took account of 11 different routes and a mix of ship types found reductions in 
grounding risk between 11% and 38% due to variations in ECDIS coverage. Where ECDIS coverage was 100% 
the reduction in grounding risk was 38%. 

A 38% reduction in powered grounding was applied because the Columbia River was considered to have 100% 
ECDIS coverage. 

While ECDIS provides a continuous display of a vessel’s position in relation to land, charted objects and AtoN, 
it does not display another vessel’s position. Seeing another vessel’s location is necessary to reduce the risk 
of collision. Therefore, no reduction was applied for collision.

DNV GL  – Report No. PP141993-2, Rev. 1 – www.dnvgl.com Page 64



5.1.5.7 Port State Control
Port State Control (PSC) is the inspection of ships in national ports to verify that the condition of the ship 
and its equipment complies with the requirements of international regulations and that the ship is also 
manned and operated in compliance with these rules. In this report, the term PSC was also used to include 
other general shipping industry initiatives with similar goals, such as: classification society rules; enhanced 
surveys; vessel design standards; and bunker fuel oil quality testing.

Knapp et. al., (Ref. /20/) estimated the survival gains for different ship types in the years 2003 to 2007 
based on individual ship loss experience and PSC inspections in Australia and the USA. PSC inspections were 
associated with ship survival gains of 0.1% to 0.5% on base risk rates of 1-3%. Combining the data for four 
cargo ship types over five years, the average gain was 12% of the risk of total loss. The average benefit 
may be smaller because not all ships are inspected. On the other hand, the benefit may be increased 
through the targeting of inspections of high-risk ships, and the possibility that any ship may be inspected 
and detained if not compliant. Overall, this analysis was considered to provide the best estimate of the 
benefit of PSC.

The effect of PSC was represented by: 

Applying a PSF of 0.88 for all the technical failure rates in the risk model. This directly affects the 
frequency of drift grounding, fire / explosion and foundering. It also has a very minor impact on 
collision and powered grounding (which are dominated by human error and human incapacitation).

Applying a human error and human incapacitation PSF of 0.88 in the collision and powered 
grounding incident models. This represents the emphasis placed on International Safety 
Management (ISM) regulations by PSC inspections and should help ensure reductions in the 
likelihood of excessively fatigued navigating officers.

5.1.5.8 Underkeel Clearance Management
Underkeel clearance (UKC) is managed by the Pilots and vessel masters and is required by a ship’s Safety 
Management System (SMS). Vessels calling at the Project terminal depart a dock or enter the river only 
when they can make the transit of the entire river with a minimum 2 feet of underkeel clearance and 10 feet 
across the bar. UKC management takes into account tide, weather, and vessel characteristics to ensure the 
underkeel clearance standard is maintained. The availability of water level sensor data via PORTS is a key 
component of the UKC management system on the Columbia River.

The main benefit of UKC management system is that it ensures adequate clearance between a vessel’s keel 
and the river bottom to avoid grounding by providing improved information to navigators on underkeel 
clearance.

For an individual transit of a deep-draft vessel, an UKC management system is expected to make a 
significant reduction in grounding probability. Since UKC management is required on the river and at the 
port, a 10% reduction in powered grounding probability is reasonable. 
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5.2 DNV GL Methodologies
This section provides an overview of the methodologies applied in this study. First a description of the
method for modeling marine incident frequencies is provided (Section 5.2.1), followed by the method for 
estimating whether each incident leads to a bunker oil spill (Section 5.2.2 and 5.2.3) and finally the method 
for estimating the spill volume given a bunker oil spill event has occurred (Section 5.2.4). 

5.2.1 MARCS Model
The frequency of marine incidents involving project vessels was estimated using MARCS software. MARCS 
was developed by DNV GL to support its navigational risk consultancy services. 

MARCS combines data for vessel traffic (e.g., vessel types, sizes, routes, and transit frequencies), the 
marine environment (e.g., location of shallow water, visibility data, and wind data) and operational aspects 
of shipping (e.g., pilotage, escort tugs) to predict the frequency of incidents at sea, such as:

Collision

Drift grounding 

Powered grounding 

Fire / Explosion

Collisions generally occur in the navigable part of the channel where the traffic is most dense. Drift and 
powered groundings occur near the shoreline or in shallow waters.

Incident frequencies were estimated using MARCS for the proposed route.

5.2.1.1 The Collision Model

The collision model calculates the frequency of serious inter-ship powered collisions at a given geographical 
location in two stages. The model first estimates the frequency of encounters (critical situations for 
collision - when two vessels pass within 0.5 nautical miles of each other) from the traffic image data using a 
pair-wise summation technique, assuming no collision avoidance actions are taken. This enables the 
calculation of either total encounter frequencies, or encounter frequencies involving specific vessel types.

The model then applies a probability of a collision for each encounter, obtained from fault tree analysis, to 
give the collision frequency. The collision probability value depends on a number of factors including, for 
example, visibility or the presence of a Pilot. 

Figure 5-7 shows a graphical representation of the way in which the collision model operates.
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Figure 5-7 Graphical Representation of the Collision Model

In Figure 5-7, d1 refers to the density of traffic associated with Lane 1 at the location (x, y). The frequency 
of encounters at location (x, y) through the interaction of Lanes 1 and 2 is proportional to the product of d1,
d2 and the relative velocity between the lane densities.

5.2.1.2 The Powered Grounding Model

The powered grounding frequency model calculates the frequency of serious powered grounding incidents in 
two stages. The model first calculates the frequency of critical situations (sometimes called ‘dangerous 
courses’ for powered grounding incidents). Two types of critical situations are defined as illustrated in 
Figure 5-8. The first critical situation arises when a course change point (waypoint) is located such that 
failure to make the course change would result in grounding within 20 minutes navigation from the planned 
course change point if the course change is not made successfully. The second critical situation results when 
a grounding location is within 20 minutes navigation of the course centerline. In this case, crew inattention 
combined with wind, current or other factors could result in a powered grounding.

The frequency of serious powered groundings is calculated as the frequency of critical situations multiplied 
by the probability of failure to avoid grounding.
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Figure 5-8 Graphical Representation of the Powered Grounding Model

The powered grounding probabilities are derived from the fault tree analysis of powered grounding. The 
powered grounding fault tree contains two main branches:

Powered grounding through failure to make a course change whilst on a dangerous course. A 
dangerous course is defined as one that would ground the vessel within 20 minutes if the course 
change were not made. 

Powered grounding caused by crew inattention and wind or current from the side when the ship lane 
runs parallel to a shore within 20 minutes sailing.

Both these branches are illustrated in Figure 5-8. The powered grounding frequency model takes into 
account internal and external vigilance, visibility and the presence of navigational tools (e.g., radar) in 
deducing failure parameters.

5.2.1.3 The Drift Grounding Model

The drift grounding frequency model consists of two main elements: first, the ship traffic image is combined 
with the ship breakdown frequency factor to generate the location and frequency of vessel breakdowns; 
second, the recovery of control of drifting ships can be regained by one of three mechanisms: 

Repair

Emergency tow vessel assistance

Anchoring

Those drifting ships that are not saved by one of these three mechanisms (and do not drift out into the open 
sea) contribute to the serious drift grounding incident frequency results.

The number and size distribution of ships which start to drift is determined from the ship breakdown 
frequency, the annual number of transits along the lane and the size distribution of vessels using the lane. 
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The proportion of drifting vessels that are saved (fail to ground) is determined from the vessel recovery 
models. The drift grounding frequency model is illustrated in Figure 5-9.

Figure 5-9 Graphical Representation of the Drift Grounding Model

Implicit in Figure 5-9 is the importance of the time taken for the ship to drift aground. When this time is 
lengthy (because the distance to the shore is large and / or because the drift velocity is small) then the 
probability that the ship will recover control before grounding (via repair or tug assistance) will be increased.

5.2.1.4 The Fire and Explosion Model

The fire / explosion accident frequency model applies the accident frequency parameters derived from 
accident data or fault tree analysis with calculations of the ship exposure time to obtain the serious accident 
frequency. The total ship exposure time (number of vessel hours) in any area can be calculated from the 
traffic image parameters (locations of lanes, frequencies of movements and vessel speeds). The fire / 
explosion serious accident frequency is then obtained by multiplying these vessel exposure times by the 
appropriate fire / explosion frequency factor (accidents per vessel-hour). It should be noted that fire / 
explosion frequency factors are assumed to be independent of environmental conditions outside the vessel.

5.2.2 Oil Spill Frequency Methodology
Incident frequency results from MARCS are used as input to determine the oil spill frequency. This section 
describes the methodology used to determine which incidents from MARCS results in an oil spill.
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5.2.2.1 Collision

In calculating the conditional release probability for collision incidents, the amount of energy required to 
breach the bunker tank, referred to as the energy threshold. The energy threshold was taken as 13 MJ, 
which corresponds with the minimum distance from the bunker tank to the outer hull (1m) as specified by 
MARPOL requirements (Ref. /21/). The correlation between the indentation depth and the energy absorbed 
is presented in the Figure 5-10. The graph is based on a DNV GL finite element analysis of vessel collisions.

Figure 5-10 Relationship between Indentation Depth and Absorbed Energy

In estimating collision energy, information about vessels’ masses and relative velocities is used to estimate 
the amount of energy involved in the collision, and therefore in the deformation, of the project vessel that 
could cause a loss of bunker oil to the environment. 

The equation for assessing the estimated frequency of a bunker oil release is as follows:

  =  × ×
Where, =   =              =            
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As part of applying the theoretical methods to postulated events, several key assumptions are made:

1. 25% of the available impact energy is used towards deformation of the striking vessel. The 
remainder of the energy is assumed to deform the project vessel. 

2. Angles of impact less than 22.5° or greater than 157.5° do not breach a cargo tank.  These 
glancing impacts do not have a sufficiently steep angle to penetrate a project vessel.

3. A release of bunker oil is only credible if a project vessel is struck at a location with a bunker oil 
tank behind it.

Figure 5-11 provides an overview of the collision oil spill methodology. 

Figure 5-11 Collision Oil spill Methodology

5.2.2.2 Grounding

In order to estimate the probability of oil spill due to drift and powered grounding incidents, historical data 
are used in combination with route specific characteristics to estimate the potential for a release of bunker 
fuel. This approach utilizes a best fit cumulative distribution function to determine the probability that the 
indentation depth, caused by a grounding incident, exceeds the depth required to puncture the bunker oil 
tank. Based on MARPOL requirements (Ref. /21/), the distance between the outer hull and the bunker tank 
is assumed to be 1.6 m.

Based on impact data from the European Union-funded HARDER (Harmonisation of Rules and Design 
Rationale) studies and participation in the GOALDS (goal-based damage stability) project, DNV GL has 
developed an empirical formulation to estimate the probability of oil spill due to grounding. Vessels with 
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lengths between perpendiculars greater than 100 m were included in the assessment.  A narrower filter on 
the dataset was not possible without reducing the number of observations to an insignificant sample size.  

The results of this analysis were done using a probability distribution estimation tool that showed that the 
best fit cumulative distribution function of the indentation depth was the Fréchet distribution. By definition, 
the Fréchet distribution gives the probability that the actual value will be less than the value ( ) supplied to 
it.  However, in this portion of the assessment we are interested in when the grounding might cause a 
bunker oil spill.  Therefore, to get the probability that the indentation depth exceeds 2 m we subtract the 
Fréchet distribution from 1 as shown in the below equation and let = 1.6.

( ) = 1 exp  Where  (  ) = 2.629  (  ) = 1.9368  (  ) = 0  
5.2.3 Allision Calculation
The annual allision frequency is estimated as the likelihood that a non-project vessel will strike a project
vessel at berth. The method was developed based on guidelines for vessel collision and bridges from the 
American Association of State Highway and Transportation Officials (AASHTO). Project vessel characteristics 
(such as ultimate resistance of the tanker), waterway characteristics, geometry, and marine traffic 
characteristics were compared to standard acceptance criteria to estimate the extent of damage to a project 
vessel.

The annual failure rate caused by vessel collisions, , can be expressed as:= × × ×
Where: = Number of vessels and type that transit the waterway.= Probability of vessel aberrancy (to stray away from normal navigation channel).= Probability that the study vessel’s bunker tank will be punctured given that a passing vessel 

struck the study vessel.= Geometric Probability associated with striking vessel type and the study vessel.

5.2.3.1 Probability of Aberrancy, PA

The probability of aberrancy is a measure of the risk of a vessel losing control as a result of pilot error, 
adverse environmental conditions, or mechanical failure. The evaluation of accident statistics indicates that 
human error (causing 60% to 85% of the aberrancy cases) and environmental conditions are the primary 
causes of accidents. To evaluate probability of aberrancy, DNV GL accounted for the following factors: the 
geometry of the navigation channel and the location of project vessels in the channel; the current direction 
and speed; vessel traffic density; and cross currents. 
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The equation is: PA= BR (RB) (RC) (RXC) (RD)   
Where:

BR = aberrancy base rate (0.6×10 4 for vessel or 1.2×10 4 for barges);

RB = correction factor for Sample Vessel location. = (1 + )
Rc = correction factor for current acting parallel to vessel path. = (1 + ), with VC specific to the 

proposed project.

Rxc = correction factor for crosscurrents acting perpendicular to vessel transit path. = (1 + ) , 
with VXC specific to the proposed project.

RD = correction factor for vessel traffic density depending on the frequency of vessels.

The specific risk controls that are accounted for in this portion of the analysis are:

Electronic Chart Display & Information System.

Pilotage.

Vessel Traffic Information Service (TV32).

5.2.3.2 Probability of Bunker Tank Puncture, PC

PC must be interpreted as if a vessel has become aberrant and struck a project vessel at berth.  In order to 
determine the potential to breach a bunker tank, it is necessary to calculate the available impact energy 
from the striking vessel. The available energy in the proximity of a project vessel is therefore assessed 
based on the speed and mass of the ships passing the berth.

The ship movements are defined by average speed and deadweight tonnage for each ship type. From these 
inputs, the maximum impact energy is estimated. The ratio of ultimate lateral resistance to the vessel 
impact force is also calculated to estimate the probability of sufficient energy to breach the hull and bunker 
tank of a project vessel.

5.2.3.3 Geometric Probability of Striking, PG

In order to estimate geometric probability of striking, the assumption must be made that the striking vessel 
already strayed away from the navigation channel. Once a vessel has become aberrant, it is then necessary 
to estimate the probability that the vessel will strike a project vessel. To do this, geometric considerations 
are necessary.

The geometric probability is based on a number of parameters including the geometry of the waterway, 
location of the dock, sailing path of vessel, location, heading and velocity of vessel, environmental conditions, 
width, length, and shape of vessel, and vessel draft.

The lateral position of a vessel in the waterway follows a normal distribution with a mean value centered on 
the required path line (center line of navigation route). The standard deviation of this lateral position 
distribution is equal to the overall length of vessel designated as LOA. The use of a standard deviation equal 
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to length of the vessel was justified based on accident data to reflect the influence of the size of the colliding 
vessel.

Figure 5-12 Model for Geometric Probability of Vessel Collision with the Sample Vessel

5.2.3.4 Omitting Analysis on Astoria-Megler Bridge
The decision to omit the allision analysis on the Astoria-Megler Bridge was based on feedback from Columbia 
Bar and River Pilots. 

There was an allision at the Astoria-Megler Bridge that involved a piloted vessel approximately 30 years ago. 
Since this incident, Bar Pilots have implemented risk reduction measures to reduce the probability of 
allisions at the bridge; they avoid meeting other piloted vessels at the bridge, observe weather and river 
current conditions, and review weather forecasts before transiting under the bridge. 

Given the very low historical frequency of allision at the Astoria-Megler Bridge and the assessment by the 
Bar and River Pilots that the bridge does not present an allision risk for piloted vessels, this structure has 
been omitted from the allision analysis. 

5.2.4 NAPA Model 
A commercial naval architecture package called NAPA is used to estimate the probability of oil outflow from 
project vessels. Using Monte Carlo simulations, in accordance with IMO Resolution MEPC.110(49) -
Probabilistic Methodology for Calculating Oil Outflow, the model estimates oil outflow volumes based on the 
number of damaged cargo tanks and interaction with tidal influences. Monte Carlo simulations were run for 
50,000 damage cases to estimate the potential variability in impact and in oil outflow volumes. 
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6 INCREMENTAL IMPACT OF PROJECT VESSELS ON RIVER 
NAVIGATION

6.1 Estimated Navigation Incident Frequencies
For each of the five cases presented in Section 5.1.1, incident frequencies for project vessel transits were 
estimated. These incident frequencies were estimated using the MARCS model and are limited to the study 
area.  For this analysis, a marine incident was defined as an unintentional event (not a near miss), which 
may or may not result in a spill event. Incident frequencies were calculated for the following events:

Collision 

Powered grounding 

Drift grounding 

Fire / Explosion

Allision at Berth

6.1.1 2014 Existing Traffic 
Table 6-1 provides estimated incident frequencies by vessel type for existing conditions (2014).

Table 6-1 Incident Frequency by Vessel Type for Non-Project Vessels (2014)
Cargo/ 
Carrier Fishing Other / 

Undefined Passenger Pleasure Service Tanker Tug
Total 

Incident 
Frequency

Collision 3.96E-01 3.41E-01 3.77E-01 8.53E-02 8.34E-02 3.24E-01 2.29E-02 3.09E-01 1.94E+00

Fire /
Explosion 1.02E-03 2.79E-04 4.32E-04 9.21E-05 9.12E-05 1.96E-04 5.85E-05 9.88E-04 3.15E-03

Powered
Grounding 2.20E+00 1.70E+00 2.69E+00 6.77E-01 5.25E-01 1.81E+00 1.27E-01 2.07E+00 1.18E+01

Drift
Grounding 9.13E-01 2.39E-01 3.85E-01 8.32E-02 8.04E-02 1.68E-01 5.26E-02 9.01E-01 2.82E+00

Total
Incident 

Frequency
3.51E+00 2.28E+00 3.46E+00 8.46E-01 6.89E-01 2.30E+00 2.02E-01 3.29E+00 1.66E+01

6.1.2 2028 No-Action Traffic
Table 6-2 provides estimated incident frequencies by vessel type for 2028 without project vessels.
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Table 6-2 Incident Frequency by Vessel Type for Non-Project Vessels (2028 No Action)
Cargo/ 
Carrier Fishing Other / 

Undefined Passenger Pleasure Service Tanker Tug
Total 

Incident 
Frequency

Collision 4.81E-01 4.53E-01 5.01E-01 1.13E-01 1.11E-01 4.29E-01 2.75E-02 4.10E-01 2.53E+00

Fire / 
Explosion 1.19E-03 3.21E-04 4.97E-04 1.06E-04 1.05E-04 2.26E-04 6.73E-05 1.14E-03 3.65E-03

Powered 
Grounding 2.56E+00 1.95E+00 3.10E+00 7.79E-01 6.03E-01 2.08E+00 1.46E-01 2.38E+00 1.36E+01

Drift
Grounding 1.07E+00 2.74E-01 4.42E-01 9.56E-02 9.24E-02 1.94E-01 6.05E-02 1.04E+00 3.27E+00

Total 
Incident 

Frequency
4.11E+00 2.68E+00 4.04E+00 9.88E-01 8.07E-01 2.70E+00 2.34E-01 3.83E+00 1.94E+01

6.1.3 2028 With-Project Traffic 
Table 6-3 provides estimated incident frequencies by vessel type for non-project vessels under 2028 with-
project conditions.

Table 6-3 Incident Frequency by Vessel Type for Non-Project Vessels (2028 With-Project)
Cargo/ 
Carrier Fishing Other / 

Undefined Passenger Pleasure Service Tanker Tug
Total 

Incident 
Frequency

Collision 5.16E-01 4.91E-01 5.54E-01 1.25E-01 1.22E-01 4.63E-01 2.99E-02 4.56E-01 2.91E+00

Fire / 
Explosion 1.17E-03 3.21E-04 4.97E-04 1.06E-04 1.05E-04 2.26E-04 6.73E-05 1.14E-03 4.01E-03

Powered 
Grounding 2.52E+00 1.95E+00 3.10E+00 7.79E-01 6.03E-01 2.08E+00 1.46E-01 2.38E+00 1.44E+01

Drift 
Grounding 1.05E+00 2.74E-01 4.42E-01 9.56E-02 9.24E-02 1.94E-01 6.05E-02 1.04E+00 3.59E+00

Total 
Incident 

Frequency
4.09E+00 2.72E+00 4.10E+00 1.00E+00 8.18E-01 2.74E+00 2.37E-01 3.88E+00 2.09E+01

Table 6-4 provides estimated incident frequencies for project vessels in 2028.
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Table 6-4 Incident Frequency by Vessel Type for Project Vessels (2028 With-Project)
Project vessel 

(inbound)
Project vessel 

(outbound)
Total Incident 

Frequency

Collision 7.63E-02 7.49E-02 1.51E-01

Fire/Explosion 1.90E-04 1.90E-04 3.80E-04

Powered Ground 3.98E-01 4.10E-01 8.07E-01

Drift Ground 1.71E-01 1.71E-01 3.42E-01

Allision at Berth N/A N/A 2.56E-02

Total Incident 
Frequency 6.46E-01 6.57E-01 1.33E+00

Figure 6-1 to Figure 6-3 present the incident results for collision, powered grounding and drift grounding for 
project vessels in 2028, respectively. It is noteworthy that the results for grounding of project vessels in 
2028 are the same as the results for grounding of project vessels in 2038 because the number of project
vessels is the same in both cases. Additionally, the reader should note that Figure 6-1 to Figure 6-3 have 
different legend categories and thus, need to be interpreted separately. 
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Figure 6-1 2028 Project Vessel Collision Incident Frequency Results
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Figure 6-2 2028 Project Vessel Powered Grounding Incident Frequency Results
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Figure 6-3 2028 Project Vessel Drift Grounding Incident Frequency Results

6.1.4 2038 No-Action Traffic 
Table 6-5 provides estimated incident frequencies by vessel type for 2038 without project vessels.

Table 6-5 Incident Frequency by Vessel Type for Non-Project Vessels (2038 No Action)
Cargo/ 
Carrier Fishing Other / 

Undefined Passenger Pleasure Service Tanker Tug
Total 

Incident 
Frequency

Collision 1.02E+00 6.45E-01 7.29E-01 1.62E-01 1.60E-01 6.03E-01 3.87E-02 5.97E-01 3.95E+00

Fire / 
Explosion 2.00E-03 3.54E-04 5.49E-04 1.17E-04 1.16E-04 2.49E-04 7.43E-05 1.26E-03 4.72E-03

Powered 
Grounding 4.33E+00 2.16E+00 3.42E+00 8.60E-01 6.67E-01 2.30E+00 1.61E-01 2.63E+00 1.65E+01

Drift 
Grounding 1.80E+00 3.03E-01 4.88E-01 1.06E-01 1.02E-01 2.14E-01 6.68E-02 1.14E+00 4.22E+00

Total 
Incident 

Frequency
7.16E+00 3.11E+00 4.64E+00 1.13E+00 9.29E-01 3.12E+00 2.67E-01 4.37E+00 2.47E+01
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6.1.5 2038 With-Project Traffic
Table 6-6 provides estimated incident frequencies by vessel type for 2038 non-project vessels under with-
project conditions.

Table 6-6 Incident Frequency by Vessel Type for Non-Project Vessels (2038 With-Project)
Cargo/ 
Carrier Fishing Other / 

Undefined Passenger Pleasure Service Tanker Tug
Total 

Incident 
Frequency

Collision 1.08E+00 6.87E-01 7.88E-01 1.75E-01 1.72E-01 6.40E-01 4.13E-02 6.48E-01 4.42E+00

Fire / 
Explosion 1.99E-03 3.54E-04 5.49E-04 1.17E-04 1.16E-04 2.49E-04 7.43E-05 1.26E-03 5.09E-03

Powered 
Grounding 4.29E+00 2.16E+00 3.42E+00 8.60E-01 6.67E-01 2.30E+00 1.61E-01 2.63E+00 1.73E+01

Drift 
Grounding 1.78E+00 3.03E-01 4.88E-01 1.06E-01 1.02E-01 2.14E-01 6.68E-02 1.14E+00 4.54E+00

Total 
Incident 

Frequency
7.16E+00 3.15E+00 4.70E+00 1.14E+00 9.41E-01 3.15E+00 2.69E-01 4.42E+00 2.63E+01

Table 6-7 provides estimated incident frequencies for project vessels in 2038.

Table 6-7 Incident Frequency by Vessel Type for Project Vessels (2038 With-Project)
Project vessel 

(inbound)
Project vessel 

(outbound)
Total Incident 

Frequency

Collision 9.64E-02 9.49E-02 1.91E-01

Fire/Explosion 1.90E-04 1.90E-04 3.80E-04

Powered Ground 3.98E-01 4.10E-01 8.07E-01

Drift Ground 1.71E-01 1.71E-01 3.42E-01

Allision at Berth N/A N/A 3.97E-02

Total Incident 
Frequency 6.66E-01 6.77E-01 1.38E+00
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The reader should note Figure 6-4 to Figure 6-6 have different legend categories and thus, need to be 
interpreted separately.

Figure 6-4 2038 Project Vessel Collision Incident Frequency Results
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Figure 6-5 2038 Project Vessel Powered Grounding Incident Frequency Results
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Figure 6-6 2038 Project Vessel Drift Grounding Incident Frequency Results

6.2 Incremental Contribution due to the Proposed Project
Table 6-8 presents the incremental risk that the proposed project contributes to vessel traffic incidents in 
2028 and in 2038. These results are presented both in terms of annual frequency for each incident type as 
well as the percentage increase contributed by the project.

The total incremental incident frequency due to proposed project in 2028 is 1.5 incidents per year which 
equates to an 8% increase over the no-action scenario in 2028. Of these 1.6 incidents 0.8 are powered 
groundings, 0.34 are drift groundings, 0.38 are collisions and 0.03 are allisions.

The total incremental incident frequency due to proposed project in 2038 is 1.6 incidents per year which 
equates to a 6% increase over the no-action scenario in 2038. Of these 1.7 incidents 0.8 are powered 
groundings, 0.34 are drift groundings, 0.47 are collisions and 0.04 are allisions. 

Using the results of the data survey presented in Section 4.1 and 4.2, we can comment on the likely severity 
of the incremental contribution of marine incidents contributed by the project.

Based on a survey of historical incident severity, 1--2% of the grounding events contributed by the 
project are likely to result in a total loss of the vessel, 21-24% are likely to result in damage to 
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vessel and 74-78% are likely to result in no reported damage. Note: None of the total loss events 
reported due to grounding involved carriers or vessels of similar size. The only vessel categories 
reported as a total loss in a grounding event were passenger vessels.

Based on a survey of historical incident severity, 3--5% of the collision events contributed by the 
project are likely to result in a total loss of one or more vessels, 47-53% are likely to result in 
damage to one more vessels and 44-47% are likely to result in no reported damage. 
Note: None of the total loss events reported due to collision involved carriers or vessels of similar 
size. The only vessel categories reported as a total loss in a collision event were recreational vessels.

Based on a survey of historical incident severity, 1--5% of the allision events surveyed resulted in a 
total loss of the vessel, 43-45% resulted in vessel damage and 52-54% resulted in no reported 
damage.
Note: None of the total loss events reported due to allision involved carriers or vessels of similar size. 
The only vessel categories reported as a total loss in an allision event were fishing vessels.

Assuming the distributions described above, the project would contribute fewer than 0.05 incidents with a 
total loss per year, fewer than 0.5 incidents resulting in reportable damage per year and approximately 1 
incident per year resulting in no damage. 

The incremental contribution appears to decrease from 2028 (8%) to 2038 (6%) because non-project vessel 
traffic continues to increase over this 10-year time period while the number of project vessels remains 
constant at 840 per year. Therefore the relative contribution in 2038 is lower because project vessels make 
up a smaller portion of overall vessel traffic.

Table 6-8 Incremental Change in Incident Frequency Contributed by Proposed Project

2028 2038

Frequency % increase Frequency % increase

Collision 3.83E-01 15% 4.68E-01 12%

Fire/Explosion 3.80E-04 10% 3.80E-04 8%

Powered Grounding 8.07E-01 6% 8.07E-01 5%

Drift Grounding 3.42E-01 10% 3.42E-01 8%

Allision at Berth 2.56E-02 N/A 3.97E-02 N/A

Total Incident Frequency 1.56E+00 8% 1.66E+00 6%

6.2.1 In 2028 Traffic Conditions
Table 6-9 presents incremental collision frequencies by vessel type for 2028 due to project vessels. This 
table shows how the total incremental increase in collision incidents is distributed across vessel types. 
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Table 6-9 Incremental Collision Frequency/Percentage by Vessel Type Contributed by the
Proposed Project in 2028

Impacted
Vessel

Cargo/ 
Carrier Fishing Other / 

Undefined Passenger Pleasure Service Tanker Tug Project 
Vessels Total

Collision No 

Action
4.81E-01 4.53E-01 5.01E-01 1.13E-01 1.11E-01 4.29E-01 2.75E-02 4.10E-01 N/A 2.53E+00

Collision 

With-Project 
5.16E-01 4.91E-01 5.54E-01 1.25E-01 1.22E-01 4.63E-01 2.99E-02 4.56E-01 1.51E-01 2.91E+00

Incremental 

TIF Increase
3.50E-02 3.80E-02 5.30E-02 1.20E-02 1.10E-02 3.40E-02 2.40E-03 4.60E-02 1.51E-01 3.83E-01

Incremental

% Increase
7.3% 8.4% 10.6% 10.6% 9.9% 7.9% 8.7% 11.2% N/A 15%

Figure 6-7 shows how the incremental incident frequency varies by incident type for each river mile segment 
along the proposed route in 2028. 

Figure 6-7 Incremental Incident Frequency by Incident Type Contributed by Proposed Project in 
2028
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6.2.2 In 2038 Traffic Conditions
Table 6-10 presents incremental collision frequencies by vessel type for 2038 due to project vessels. This 
table shows how the total incremental increase in collision incidents is distributed across vessel types.

Table 6-10 Incremental Collision Frequency/Percentage by Vessel Type Contributed by Proposed 
Project in 2038

Impacted 
Vessel

Cargo/ 
Carrier Fishing Other / 

Undefined Passenger Pleasure Service Tanker Tug Project 
Vessels Total

Collision No-

Action
1.02E+00 6.45E-01 7.29E-01 1.62E-01 1.60E-01 6.03E-01 3.87E-02 5.97E-01 N/A 3.95E+00

Collision 

With-Project
1.08E+00 6.87E-01 7.88E-01 1.75E-01 1.72E-01 6.40E-01 4.13E-02 6.48E-01 1.91E-01 4.42E+00

Incremental 

TIF Increase
6.00E-02 4.20E-02 5.90E-02 1.30E-02 1.20E-02 3.70E-02 2.60E-03 5.10E-02 1.91E-01 4.68E-01

Incremental

% Increase
5.9% 6.5% 8.1% 8.0% 7.5% 6.1% 6.7% 8.5% N/A 12%
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Figure 6-8 shows how the incremental incident frequency varies by incident type for each river mile segment 
along the proposed route in 2038.

Figure 6-8 Incremental Incident Frequency by Vessel Type Contributed by the Proposed Project
in 2038

7 ESTIMATED BUNKER SPILL RISK OF PROJECT VESSELS AT FULL 
BUILD OUT

The annual bunker spill frequency is calculated for project vessels for collision (grouped with allision at berth
for this analysis), powered grounding and drift grounding. To assess the frequency of a release from the 
bunker tank due to collision the following probabilities are used: the probability that a collision results in 
sufficient energy to puncture the bunker tank and the geometric probability of striking the location of the 
bunker tank on the vessel. To assess the frequency of a release from the bunker tank due to drift grounding 
the following probabilities are used: the probability that the indentation depth exceeds the critical 
indentation depth required to puncture the bunker tank, the geometric probability of striking the location of 
the bunker tank on the vessel and the probability that the project vessel grounds on a rocky shoreline. The 
frequency of a release from the bunker tank due to powered grounding is assumed to be 0.01% of the total 
incidents. This is applied because a powered grounding that results in a release of bunker fuel is a very 
unlikely event as the bunker tanks are located in the stern of the vessel while the impact location is almost 
always near the bow. 
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7.1 Estimated Bunker Spill Frequencies
As shown below, the estimated bunker spill frequency due to the proposed project is 1.02x10-2 in 2028 and 
1.17 x10-2 in 2038. This equates to roughly one spill (of any size) every 98 years in 2028 and one spill every 
85 years in 2038. Recall that, based on the survey of oil spill data from 2004 to 2014 (Section 4.3), the 
Lower Columbia River has experienced a spill greater than 100 gallons approximately once every 2.2 years. 

7.1.1 In 2028 Traffic Conditions

Table 7-1 provides estimated bunker oil spill frequencies (of any size) by incident type for project vessels in 
2028.

Table 7-1 2028 Bunker Oil Spill Frequency from Project Vessels 
Project Vessel 

(inbound)
Project Vessel 

(outbound)
Total Incident 

Frequency

Collision 1.54E-04 1.54E-04 3.09E-04

Powered Ground 3.98E-05 4.10E-05 8.07E-05

Drift Ground 3.56E-03 3.57E-03 7.13E-03

Allision at Berth N/A N/A 2.65E-03

Total Incident 
Frequency 3.75E-03 3.77E-03 1.02E-02

Figure 7-1 shows how the bunker oil spill frequency varies across each river mile segment along the 
proposed route in 2028.
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Figure 7-1 2028 Annual Incremental Bunker Oil Spill Frequency

Table 7-2 provides the percentage of incidents that result in a bunker oil spill (of any size) for project 
vessels in 2028.

Table 7-2 Percentage of Incidents Leading to Bunker Oil Spill (2028)
Project Vessel 

(inbound)
Project Vessel 

(outbound)
Total Incident 

Frequency

Collision 0.20% 0.21% 0.21%

Powered Ground 0.01% 0.01% 0.01%

Drift Ground 2.08% 2.09% 2.08%

Allision at Berth N/A N/A 10.4%

Total Incident 
Frequency 0.58% 0.57% 0.77%
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7.1.2 In 2038 Traffic Conditions
Table 7-3 provides estimated bunker oil spill frequencies by incident type for project vessels in 2038.

Table 7-3 2038 Bunker Spill Frequency from Project Vessels
Project Vessel 

(inbound)
Project Vessel 

(outbound)
Total Incident 

Frequency

Collision 1.73E-04 1.73E-04 3.47E-04

Powered Ground 3.98E-05 4.10E-05 8.07E-05

Drift Ground 3.56E-03 3.57E-03 7.13E-03

Allision at Berth N/A N/A 4.16E-03

Total Incident 
Frequency 3.77E-03 3.78E-03 1.17E-02

Figure 7-2 shows how the bunker oil spill frequency varies across each river mile segment along the 
proposed route in 2038.

Figure 7-2 2038 Annual Incremental Bunker Oil Spill Frequency
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Table 7-4 provides the percentage of incidents that result in a bunker oil spill (of any size) for project 
vessels in 2038.

Table 7-4 Percentage of Incidents Leading to Bunker Oil Spill (2038)
Project Vessel 

(inbound)
Project Vessel 

(outbound)
Total Incident 

Frequency

Collision 0.18% 0.18% 0.18%

Powered Ground 0.01% 0.01% 0.01%

Drift Ground 2.08% 2.09% 2.08%

Allision at Berth N/A N/A 10.47%

Total Incident 
Frequency 0.57% 0.56% 0.85%

7.2 Estimated Conditional Probabilities of Spill Volumes
This section presents conditional spill volume probabilities of bunker oil from a project vessel, which was
assessed using the Naval Architecture Package (NAPA) model.

These results are presented as curves showing the conditional probability of the volume of bunker oil that 
would be released given that a bunker oil tank has been breached and oil is flowing out of the tank(s). 
Figure 7-3 presents these results in gallons for a representative Panamax vessel assuming bunker tanks are 
100% full.
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Figure 7-3 NAPA Results - Bunker Oil Spill (gallons)

As shown in Figure 7-3, if a collision or grounding event resulted in a bunker oil spill, the smallest estimated 
spill volume would be roughly 20 m3 for a grounding and 80 m3 for a collision. This equates to 5,700 and 
20,900 gallons of bunker oil (respectively).

These volumes can then be paired with the Bunker Oil Spill Frequencies provided in Section 7.1 for a more 
complete picture of bunker oil spill risk. The frequency of bunker oil spill volumes is provided in Figure 7-4
and Figure 7-5 below for grounding and collision events, respectively. Note that grounding frequencies do 
not vary from 2028 to 2038 since the number of project vessels remains at 840 in both years. Frequency of 
collision incidents is higher in 2038 compared to 2028 due to an increase in the overall vessel traffic in the 
study area. 

DNV GL  – Report No. PP141993-2, Rev. 1 – www.dnvgl.com Page 93



Figure 7-4 Frequency vs volume of Bunker Oil Spill due to Grounding of Project Vessel
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Figure 7-5 Frequency vs volume of Bunker Oil Spill due to Collision involving Project Vessel

Examples of frequency- spill size pairs are provided in Table 7-5 to Table 7-7. It is important to note that 
this study did not assess the risk of small spills due to activities such as bunkering, damage to the 
environment and other causes unrelated to navigational incidents. 

Table 7-5 Example Bunker Oil Spill Volumes & Frequencies due to Grounding (2028/2038)

Return Period (Years) Spill Volume (gal)

140 5,700 or less

182 10,700 or less

403 39,700 or less

4,299 45,800 or less
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Table 7-6 Example Bunker Oil Spill Volumes & Frequencies due to Collision (2028)

Return Period (Years) Spill Volume (gal)

341 20,900 or less

581 59,300 or less

676 107,400 or less

3,748 166,500 or less

Table 7-7 Example Bunker Oil Spill Volumes & Frequencies due to Collision (2038)

Return Period (Years) Spill Volume (gal)

224 20,900 or less

381 59,300 or less

444 107,400 or less

2,461 166,500 or less
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8 CONCLUSIONS

8.1 Incremental Contribution to Marine Incidents
The total incremental incident frequency due to proposed project in 2028 is 1.5 incidents per year which 
equates to an 8% increase over the no-action scenario in 2028. Of these 1.6 incidents 0.8 are powered 
groundings, 0.34 are drift groundings, 0.38 are collisions and 0.03 are allisions.

The total incremental incident frequency due to proposed project in 2038 is 1.6 incidents per year which 
equates to a 6% increase over the no-action scenario in 2038. Of these 1.7 incidents 0.8 are powered 
groundings, 0.34 are drift groundings, 0.47 are collisions and 0.04 are allisions.

In order to provide context around the consequences of a collision, grounding or allision incident, a survey of 
USCG Marine Information for Safety and Law Enforcement (MISLE) database was conducted for years 2001
to 2014. For the purposes of this study, the various categories used to describe incident severity for each 
reported incident were aggregated into “Total Loss”, “Damage” and “No Damage”. The data coverage period 
of 2001 to 2014 was chosen as it covers over 99% of all reported collision, grounding, and allision incidents 
in the dataset. Data surveys were conducted for the national dataset and for the study area separately in 
order to test for differences in the distribution of incident severity between the two. Our findings show that 
for a given incident type, the severity distributions were very similar for national incident data compared to 
Lower Columbia River incident data.  

Using the results of the data survey, we can therefore comment on the likely severity of the incremental 
contribution of marine incidents contributed by the project.

Based on a survey of historical incident severity, 1--2% of the grounding events contributed by the 
project are likely to result in a total loss of the vessel, 21-24% are likely to result in damage to 
vessel and 74-78% are likely to result in no reported damage. Note: None of the total loss events 
reported due to grounding involved carriers or vessels of similar size. The only vessel categories 
reported as a total loss in a grounding event were passenger vessels.

Based on a survey of historical incident severity, 3--5% of the collision events contributed by the 
project are likely to result in a total loss of one or more vessels, 47-53% are likely to result in 
damage to one more vessels and 44-47% are likely to result in no reported damage. 
Note: None of the total loss events reported due to collision involved carriers or vessels of similar 
size. The only vessel categories reported as a total loss in a collision event were recreational vessels.

Based on a survey of historical incident severity, 1--5% of the allision events surveyed resulted in a 
total loss of the vessel, 43-45% resulted in vessel damage and 52-54% resulted in no reported 
damage.
Note: None of the total loss events reported due to allision involved carriers or vessels of similar size. 
The only vessel categories reported as a total loss in an allision event were fishing vessels.

Assuming the distributions described above, the project would contribute fewer than 0.05 incidents with a 
total loss per year, fewer than 0.5 incidents resulting in reportable damage per year and approximately 1 
incident per year resulting in no damage. 

The incremental contribution appears to decrease from 2028 (8%) to 2038 (6%) because non-project vessel 
traffic continues to increase over this ten-year time period while the number of project vessels remains 
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constant at 840 per year. Therefore the relative contribution in 2038 is lower because project vessels make 
up a smaller portion of overall vessel traffic.

8.2 Incremental Contribution to Oil Spill Risk
Less than 1% of the collision, grounding and allision incidents involving project vessels are expected to 
result in a bunker oil spill. As a result, the frequency of a bunker spill of any size due to a marine incident 
involving a project vessel is estimated to be 1.02x10-2 in 2028 and 1.17 x10-2 in 2038. This equates to 
roughly one spill (of any size) every 98 years in 2028 and one spill (of any size) every 85 years in 2038. 
Based on a survey of oil spill data from 2004 to 2014, the Lower Columbia River has experienced a spill of 
greater than 100 gallons approximately once every 2.2 years. Therefore, the proposed project would 
increase the frequency of a spill greater than 100 gallons by approximately 2 to 3% to approximately once 
in every 2.15 years.

In the unlikely event that a collision or grounding event resulted in a bunker oil spill, the smallest estimated 
bunker oil spill volume from a project vessel would be roughly 20 m3 for grounding and 80 m3 for collisions
(5,700 and 20,900 gallons, respectively). The frequency of various bunker oil spill sizes is provided in 
Table 8-1 for grounding scenarios. Since the number of project vessels does not change between 2028 and 
2038, frequencies are the same in both years. The frequency of various bunker oil spill sizes is provided in 
Table 8-2 and Table 8-3 for collision scenarios. Since the number of non-project vessels increases between 
2028 and 2038, collision frequencies vary across those years.  It is important to note that this study did not 
assess the risk of small spills due to activities such as bunkering, damage to the environment and other 
causes unrelated to navigational incidents. 

Table 8-1 Example Bunker Oil Spill Volumes & Frequencies due to Grounding (2028/2038)

Return Period (Years) Spill Volume (gal)

140 5,700 or less

182 10,700 or less

403 39,700 or less

4,299 45,800 or less

Table 8-2 Example Bunker Oil Spill Volumes & Frequencies due to Collision (2028)

Return Period (Years) Spill Volume (gal)

341 20,900 or less

581 59,300 or less

676 107,400 or less

3,748 166,500 or less
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Table 8-3 Example Bunker Oil Spill Volumes & Frequencies due to Collision (2038)

Return Period (Years) Spill Volume (gal)

224 20,900 or less

381 59,300 or less

444 107,400 or less

2,461 166,500 or less
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Chapter 1 
Introduction 

This technical report assesses the potential noise and vibration impacts of the proposed Millennium 

Bulk Terminals—Longview project (On-Site Alternative), Off-Site Alternative, and No-Action 

Alternative. This report describes the regulatory setting, establishes the method for assessing 

potential noise and vibration impacts, presents the historical and current noise and vibration 

conditions in the study area, and assesses potential noise and vibration impacts.  

This technical analysis is supported by the data and results provided in Appendix A, Existing 

Ambient Sound Pressure Level Survey Data; and Appendix B, Construction Noise Impact Analysis. 

1.1 Project Description 
Millennium Bulk Terminals—Longview, LLC (Applicant) proposes to construct and operate an 

export terminal in Cowlitz County, Washington, along the Columbia River (Figure 1). The export 

terminal would receive coal from the Powder River Basin in Montana and Wyoming and the Uinta 

Basin in Utah and Colorado via rail shipment, then load and transport the coal by ocean-going ships 

via the Columbia River and Pacific Ocean to overseas markets in Asia. The export terminal would be 

capable of receiving, stockpiling, blending, and loading coal by conveyor onto ships for export. 

Construction of the export terminal would begin in 2018. For the purpose of this analysis, it is 

assumed the export terminal would operate at full capacity by 2028. The following subsections 

present a summary of the On-Site Alternative, Off-Site Alternative, and No-Action Alternative. 

1.1.1 On-Site Alternative  

Under the On-Site Alternative, the Applicant would develop an export terminal on 190 acres (project 

area). The project area is located within an existing 540-acre area currently leased by the Applicant 

at the former Reynolds Metals Company facility (Reynolds facility), and land currently owned by 

Bonneville Power Administration. The project area is adjacent to the Columbia River in 

unincorporated Cowlitz County, Washington near Longview city limits (Figure 2).  

The Applicant currently and separately operates at the Reynolds facility, and would continue to 

separately operate a bulk product terminal on land leased by the Applicant. Industrial Way (State 

Route 432) provides vehicular access to the Applicant’s leased land. The Reynolds Lead and the 

BNSF Spur rail lines, both operated by Longview Switching Company (LVSW),1 provide rail access to 

the Applicant’s leased area from the BNSF Railway Company (BNSF) main line (Longview Junction) 

located to the east in Kelso, Washington. Ships access the Applicant’s leased area including the bulk 

product terminal via the Columbia River and berth at an existing dock (Dock 1) operated by the 

Applicant in the Columbia River. 

                                                             
1 LVSW is jointly owned by BNSF Railway Company (BNSF) and Union Pacific Railroad (UP). 
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Figure 1.  Project Vicinity  
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Figure 2.  On-Site Alternative  
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Under the On-Site Alternative, BNSF or Union Pacific Railroad (UP) trains would transport coal in 

rail cars from the BNSF main line at Longview Junction to the project area via the BNSF Spur and 

Reynolds Lead. Coal would be unloaded from rail cars, stockpiled and blended, and loaded by 

conveyor onto ocean-going ships at two new docks (Docks 2 and 3) on the Columbia River for export 

to Asia. 

Once construction is complete, the export terminal would have an annual throughput capacity of up 

to 44 million metric tons of coal. 2 The export terminal would consist of one operating rail track, 

eight rail tracks for the storage of rail cars, rail car unloading facilities, stockpile areas for coal 

storage, conveyor and reclaiming facilities, two new docks in the Columbia River (Docks 2 and 3), 

and ship-loading facilities on the two docks. Dredging of the Columbia River would be required to 

provide access to and from the Columbia River navigation channel and for berthing at the two new 

docks.  

Vehicles would access the project area from Industrial Way (State Route 432). Ships would access 

the project area via the Columbia River and berth at one of the two new docks. Trains would access 

the export terminal via the BNSF Spur and the Reynolds Lead. Terminal operations would occur 24 

hours per day, 7 days per week. The export terminal would be designed for a minimum 30-year 

period of operation. 

1.1.2 Off-Site Alternative  

Under the Off-Site Alternative, the export terminal would be developed on an approximately 220-

acre site adjacent to the Columbia River, located in both Longview, Washington, and unincorporated 

Cowlitz County, Washington, in an area commonly referred to as Barlow Point (Figure 3). The 

project area for the Off-Site Alternative is west and downstream of the project area for the On-Site 

Alternative. Most of the project area for the Off-Site Alternative is located within Longview city 

limits and owned by the Port of Longview. The remainder of the project area is within 

unincorporated Cowlitz County and privately owned. 

Under the Off-Site Alternative, BNSF or UP trains would transport coal from the BNSF main line at 

Longview Junction over the BNSF Spur and the Reynolds Lead, which would be extended 

approximately 2,500 feet to the west. Coal would be unloaded from rail cars, stockpiled and blended, 

and loaded by conveyor onto ocean-going ships at two new docks (Docks A and B) on the Columbia 

River. The Off-Site Alternative would serve the same purpose as the On-Site Alternative.  

Once construction is complete, the Off-Site Alternative would have an annual throughput capacity of 

up to 44 million metric tons of coal. The export terminal would consist of the same elements as the 

On-Site Alternative: one operating rail track, eight rail tracks for the storage of rail cars, rail car 

unloading facilities, stockpile areas for coal storage, conveyor and reclaiming facilities, two new 

docks in the Columbia River (Docks A and B), and ship-loading facilities on the two docks. Dredging 

of the Columbia River would be required to provide access to and from the Columbia River 

navigation channel and for berthing at the two new docks.  

 

                                                             
2 A metric ton is the U.S. equivalent to a tonne per the International System of Units, or 1,000 kilograms or 
approximately 2,204.6 pounds. 
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Figure 3.  Off-Site Alternative 
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Vehicles would access the project area via a new access road extending from Mount Solo Road (State 

Route 432) to the project area. Trains would access the terminal via the BNSF Spur and the extended 

Reynolds Lead. Ships would access the project area via the Columbia River and berth at one of the 

two new docks. Terminal operations would occur 24 hours per day, 7 days per week. The export 

terminal would be designed for a minimum 30-year period of operation. 

1.1.3 No-Action Alternative 

Under the No-Action Alternative, the Corps would not issue the requested Department of the Army 

permit under the Clean Water Act Section 404 and the Rivers and Harbors Act Section 10. This 

permit is necessary to allow the Applicant to construct and operate the proposed export terminal. 

The No-Action Alternative also includes the Applicant’s expected future development of the On-Site 

Alternative project area, described below. This action is analyzed as part of the No-Action 

Alternative because it is a foreseeable consequence of a Department of the Army permit denial. 

The Applicant plans to continue operating its existing bulk product terminal located adjacent to the 

On-Site Alternative project area, as well as expand this business. Ongoing operations would include 

storing and transporting alumina and small quantities of coal, and continued use of Dock 1. 

Maintenance of the existing bulk product terminal would continue, including maintenance dredging 

at Dock 1 every 2 to 3 years. Under the terms of an existing lease, expanded operations could include 

increased storage and upland transfer of bulk products utilizing new and existing buildings. The 

Applicant would likely undertake demolition, construction, and other related activities to develop 

expanded bulk product terminal facilities adjacent to the proposed export terminal.  

In addition to the current and planned activities, if the requested permit is not issued, the Applicant 

would intend to expand its bulk product terminal business onto areas that would have been subject 

to construction and operation of the proposed export terminal. The Applicant has described a future 

expansion scenario that would involve handling bulk materials already permitted for off-loading at 

Dock 1. Additional bulk product transfer activities could involve products such as a calcine pet coke, 

coal tar pitch, cement, fly ash, and sand or gravel. While future expansion of the Applicant’s bulk 

product terminal business might not be limited to this scenario, it was analyzed to help provide 

context to a No-Action Alternative evaluation. 
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1.2 Regulatory Setting 
The jurisdictional authorities and corresponding regulations, statutes, and guidelines for 

determining potential impacts related to noise and vibration are summarized in Table 1. 

Table 1.  Regulations, Statutes, and Guidelines for Noise and Vibration 

Regulation, Statute, Guideline Description 

Federal 

National Environmental Policy Act 
(42 USC 4321 et seq.) 

Requires the consideration of potential environmental 
effects. NEPA implementation procedures are set forth in 
the President’s Council on Environmental Quality’s 
Regulations for Implementing NEPA (49 CFR 1105). 

U.S. Army Corps of Engineers NEPA 
Environmental Regulations (33 CFR 230) 

Provides guidance for implementing the procedural 
provisions of NEPA for the Corps. It supplements CEQ 
regulations 40 CFR 1500‒1508.  

Noise Control Act of 1972 (42 USC 4910) Protects the health and welfare of U.S. citizens from the 
growing risk of noise pollution, primarily from 
transportation vehicles, machinery, and other commerce 
products. Increased coordination between federal 
researchers and noise control activities; established noise 
emission standards; and presented noise emission and 
reduction information to the public. 

Federal Transit Administration Transit 
Noise and Vibration Impact Assessment 
(FTA-VA-90-1003-06, May 2006) 

Provides procedures and guidance for analyzing the level 
of noise and vibration, assessing the resulting impacts, and 
determining possible mitigation for most federally funded 
transit projects.  

FRA High-Speed Ground Transportation 
Noise and Vibration Impact Assessment 
(October 2012) 

Provides guidance and methods for “the assessment of 
potential noise and vibration impacts resulting from 
proposed high-speed ground transportation projects.”  

U.S. Environmental Protection Agency 
Railroad Noise Emission Standards  
(40 CFR 201) 

Established final noise emission standards for surface 
carriers engaged in interstate commerce by railroad. This 
rulemaking is pursuant to Section 17 of the Noise Control 
Act of 1972. 

FRA Railroad Noise Emission Compliance 
Regulations (49 CFR 210) 

These regulations indicate the minimum compliance 
regulations necessary to enforce EPA’s Railroad Noise 
Emission Standards. 

FRA Final Rule on the Use of Locomotive 
Horns at Highway-Rail Grade Crossings 
(49 CFR 222 and 229) 

Requires the sounding of locomotive horns at public 
highway rail grade crossings. Considers the allowance of 
quiet zones when the increase risk is mitigated with 
supplementary grade crossing safety measures. 

State 

Washington State Environmental Policy 
Act (WAC 197-11, RCW 43.21C) 

Requires state and local agencies in Washington to 
identify potential environmental impacts that could result 
from governmental decisions. 

Washington Administrative Code Chapter 
173-60 

Establishes maximum environmental noise levels. 
However, noise from surface carriers engaged in interstate 
commerce by railroad are exempt from these regulations. 

Local 
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Regulation, Statute, Guideline Description 

Cowlitz County SEPA Regulations  
(CCC Code 19.11) 

Provide for the implementation of SEPA in Cowlitz County. 

Cowlitz County Code Nuisance Noises 
(CCC 10.25) 

Regulates excessive intermittent noise that interfere with 
the use, value and enjoyment of property and which pose a 
hazard to the public health, safety and welfare. 

Notes: 
USC = United States Code;, NEPA = National Environmental Policy Act;, CFR = Code of Federal Regulations; FTA = 
Federal Transit Administration; mph = miles per hour;, FRA = Federal Railroad Administration; RCW = Revised 
Code of Washington; CCC = Cowlitz County Code 

1.3 Study Area 
The study areas for noise and vibration are the same for both the On-Site Alternative and Off-Site 

Alternative. The study area for direct impacts is within 1 mile of the project areas. The study area for 

indirect impacts is the direct impacts study area plus the area within 1 mile from the centerline on 

the Reynolds Lead and BNSF Spur between Longview Junction and the project areas for both the On-

Site Alternative and Off-Site Alternative. Figure 4 illustrates the combined study area.  
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Figure 4.  Study Area 
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Chapter 2 
Affected Environment 

This chapter explains the methods for assessing the affected environment and determining impacts, 

and describes the affected environment in the study areas as they pertain to noise and vibration. 

2.1 Methods  
This section describes the sources of information and methods used to characterize the affected 

environment and assess the potential impacts of the On-Site Alternative, Off-Site Alternative, and 

No-Action Alternative on noise and vibration.  

2.1.1 Data Sources 

The following sources of information were used to evaluate the noise and vibration characteristics 

of the study area. Citations are provided in the methods discussion where appropriate. 

 Information provided by the Applicant, including project design features and a list of typical 

construction and operation equipment. 

 Lists of typical construction and operation equipment provided from reference projects and 

typical corresponding sound pressure and vibration levels. 

 Data on locomotive and train noise levels. 

 Existing and future rail traffic estimates for the BNSF Spur and the Reynolds Lead provided by 

LVSW and the Applicant. 

 Reference sound level for rail equipment. 

 Ambient noise monitoring data collected during field surveys in the study area.  

2.1.1.1 Field Surveys of Ambient Sound Pressure Levels 

Field surveys were performed from October 28 through November 10, 2014, and from January 11 

through January 16, 2015, to measure existing outdoor ambient sound levels at representative 

noise-sensitive receptors (ambient noise levels). The surveys focused on locations in the study areas 

where noise-sensitive receptors (mostly residential properties) could be exposed to noise from 

project activities and where receptors are close to railroad grade crossings. Institutional noise-

sensitive receptors, such as schools and churches, were also considered during the selection of the 

ambient survey locations.  

Prior to the field survey, the project team coordinated with the City of Longview and the Cowlitz 

County Public Utility District to identify and access representative noise-sensitive receptors where 

short-term (10-minute) and long-term (24-hour) sound level meters could be set up for sound 

pressure level (SPL) measurements. The project team also obtained contact information from the 

Applicant for owners of private property where the Applicant’s contractors had previously 

measured noise. The project team worked directly with the property owners to obtain rights of 

entry to private property. Selected locations appear in Figure 5.
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Figure 5.  Ambient Sound Pressure Level Survey Locations  
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Photographs of the long-term survey locations are provided in Photographs 1 through 12. 

Photograph 1.  Location N1, 602 California Way, Longview, WA 

 

Photograph 2.  Location N2, 111-15th Avenue, Longview, WA 
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Photograph 3.  Location N3, 221 Beech Street, Longview, WA 

 

Photograph 4.  Location N4, 875 34th Avenue, Longview, WA (survey equipment not shown) 
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Photograph 5.  Location N5, 3600 Memorial Park Drive, Longview, WA 

 

Photograph 6.  Location N6, 420 Rutherglen Drive, Longview, WA 
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Photograph 7.  Location N7, 4723 Mt. Solo Road, Longview, WA 

 

Photograph 8.  Location N8, 1719 Dorothy Avenue, Longview, WA 
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Photograph 9.  Location Nalt1, 275 Barlow Point Road, Longview, WA 

 

Photograph 10.  Location Nalt2 149 Barlow Point Road, Longview, WA (photograph not available) 
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Photograph 11.  Location Nalt3, Mt. Solo Road and SR 432, Longview, WA 

 

Photograph 12.  Location Nalt4, 1945 Schneiter Drive, Longview, WA (survey equipment not 
shown)  
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Four calibrated, precision, digitally logging sound level meters were deployed on the afternoon of 

October 27, 2014, then relocated on the evening of November 2, 2014, providing at least 6 full days 

of data collected at each of eight locations, N1 through N8 (Photographs 1 through 8). Four 

sound-level meters were redeployed on January 11, 2015, and recovered on January 16, 2015, 

providing 4 full days of data at four locations, Nalt1 through Nalt4 (Photographs 9 through 12). All 

noise monitors included Larson Davis Model 812 logging sound level meters and were mounted on 

safely accessible wood utility poles or metal light poles with the microphone at a height of 

approximately 10 feet above the ground surface. The one exception to this installation was location 

N6, where the monitor was strapped to a patio railing because no poles were available (Photograph 

6).  

The meters were programmed to store data at 1-hour intervals including statistical levels of L2, L8, 

L25, and L90, where Ln is the sound pressure level that is exceeded n% of the time within the 1-hour 

interval. The L2, L8 and L25 metrics were selected to correspond with allowable noise limit 

exceedance durations of 1.5, 5, and 15 minutes specified in Washington Administrative Code (WAC) 

173-60-040. The meters were calibrated with a Brüel & Kjær Type 4230 Sound Level Calibrator 

prior to each deployment and the calibration was checked at the completion of each measurement 

period. All calibration checks were within 0.5 decibels of the premeasurement calibration level 

except for monitor Nalt3, whose calibration check was 1.0 decibel lower than the premeasurement 

calibration. The measurements were deemed sufficiently accurate and no data were discarded.  

Short-term measurements were conducted during the same period as the long-term survey, 

typically while deploying, relocating, or recovering the long-term survey equipment. The short-term 

measurements were conducted using a Brüel & Kjær Type 2230 Precision Integrating Sound Level 

Meter with the electrical signal from the microphone recorded on a digital recorder for data analysis 

upon return to the office. The sound level meter and digital recording were calibrated at the start 

and end of each day the short-term measurements were conducted using the same calibrator used 

for the long-term survey. For all short-term measurements, the calibration checks were within 0.1 

decibel of the initial calibration. The microphone of the short-term equipment was located 5 feet 

above ground surface and the SPL was measured and recorded for a period of 10 minutes at each 

short-term survey location, providing the 10-minute equivalent sound level for (Leq)3 at each short-

term location. 

2.1.2 Impact Analysis 

The following methods were used to evaluate the potential impacts of the On-Site Alternative, Off-

Site Alternative, and No-Action Alternative on noise and vibration. For the purposes of this analysis, 

construction impacts are based on the peak construction period and operations impacts are based 

on maximum throughput capacity (up to 44 million metric tons per year), which is assumed to be in 

2028. 

2.1.2.1 Construction—Project Area 

The methods for analyzing noise and vibration impacts related to construction in the project areas 

are described in this subsection. 

                                                             
3 Equivalent sound level (Leq) is generally referenced to one hour unless otherwise indicated. 
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Noise 

Daytime construction is exempt from Washington State noise limits. However, to establish a 

reasonable benchmark for evaluating potential impacts, construction noise was evaluated on an 

average aggregate daytime Leq basis over an 8-hour shift per guidelines established by the Federal 

Transit Administration (FTA) (2006) and the Federal Railroad Administration (FRA) (2012) 

(referred to as the FTA/FRA guidance). The 8-hour Leq was estimated at the noise-sensitive 

receptors in the study areas using detailed information about the anticipated roster of construction 

equipment to be used, based on the construction of a similar terminal project (URS Corporation 

2014a) and the assumptions described in this section of this report. 

Because a monthly schedule of construction activities was not available, the construction noise 

analysis conservatively assumed that the maximum amount of equipment would be operating 

concurrently for three areas of construction activity (Table 2). 

 Rail infrastructure and rotary car dumper 

 Conveyors, transfer towers, and surge bins 

 Shiploader, dock, and trestles  

Table 2.  Anticipated Roster of Construction Equipment 

Construction 
Equipment Type 

Util. 
Factora 

(%) 

Lmax at 
50 feetb 

(dBA) 

Rail 
Infrastructure & 

Rotary Car, 
Dumper 

Conveyors, 
Transfer Towers, & 

Surge Bins 
Shiploader, Dock, 

& Trestles 

Max. Qty. 
per 

Month Months 

Max. Qty. 
per 

Month Months 

Max. Qty. 
per 

Month Months 

Mobile cranec 16 83 5 18 5 18 5 18 

Elevated work 
platform 

20 85a 2 3 4 18 2 12 

Water truckd 40 88 1 12 1 12 NA NA 

Dump truck 40 88 3 12 1 12 NA NA 

Dozer 40 85 1 5 NA NA NA NA 

Excavatorc 40 85a 1 9 2 12 1 3 

Roller 20 85 2 9 2 12 1 3 

Grader 40 85 2 9 NA NA 1 3 

Compactor 20 82 2 9 2 12 1 3 

Track laying 
machine 

50 85 1 6 NA NA NA NA 

Drill rig 20 84a 1 2 2 6 NA NA 

Impact pile driver 20 101 2 6 2 6 2 6 

Loaderc 40 85 1 12 1 12 1 9 

River barge 50 85e NA NA NA NA 2 18 

Generator 50 81 2 18 2 18 2 18 

Air compressor 40 81 2 18 2 18 2 18 
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Construction 
Equipment Type 

Util. 
Factora 

(%) 

Lmax at 
50 feetb 

(dBA) 

Rail 
Infrastructure & 

Rotary Car, 
Dumper 

Conveyors, 
Transfer Towers, & 

Surge Bins 
Shiploader, Dock, 

& Trestles 

Max. Qty. 
per 

Month Months 

Max. Qty. 
per 

Month Months 

Max. Qty. 
per 

Month Months 

Construction 
labor (e.g., misc. 
Pneumatic tools) 

50 85a 6 18 6 18 6 18 

Notes: 
a Source: Federal Highway Administration 2006 
b Source: Federal Transit Administration 2006, except where noted 
c Shared between all three areas of construction activity 
d Shared between the two areas of land construction 
e Source: Federal Highway Administration 2006 for “All other equipment >5 HP” 
Lmax = maximum sound level; dBA = A=weighted decibels 

For purposes of this analysis, and because the exact locations of these activities (or the involved 

equipment and processes) are either unknown at this time or could vary during the course of 

construction, noise was treated as originating from the acoustic center of the geographic locations 

described in Table 3.  

Table 3.  Equipment Quantities and Acoustic Centers for Each Phase of Construction 

Equipmenta Geographic Acoustic Center of Activity 

Rail Infrastructure & rotary car dumper with two 
mobile cranes, no pile driver 

Centerline of perimeter track loop closest to 
receptors 

Conveyors, transfer towers, & surge bins with two 
mobile cranes, one excavator, no water truck, no loader, 
no pile driver 

Midpoint of Stage 1 reclaim travel path 

Shiploader, Dock & Trestles w/ 1 mobile crane, no 
excavator, no loader, no pile driver 

Transfer tower TT-08 

Pile driver (one) Closest pile to receptor from rotary car 
dumper or Stage 1 reclaim travel path 

Notes: 
a Accounting for equipment shared between areas. 

The Leq from each piece of equipment, with the exception of the pile driver, was calculated using the 

following formula from the FTA/FRA guidance. 

Leq(equip) = E.L. + 10 log10(U.F.) – 20 log10(D/50) – 10G log10(D/50) 

Where: 

 Leq(equip) is the Leq at a receptor resulting from the operation of a single piece of equipment 

over a specified time period. 

 E.L. is the noise emission level of the particular piece of equipment at the reference distance of 

50 feet, taken from Table 2 for this analysis. 

 U.F. is a usage factor that accounts for the fraction of time that the equipment is in use over the 

specified period, i.e., 8-hours in this analysis and taken from Table 2. 



U.S. Army Corps of Engineers 

 

Affected Environment 
 

 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report 

2-12 
September 2016 

 

 

 D is the distance from the receptor to the piece of equipment. 

 G is a constant that accounts for topography and ground effects, assumed to equal zero in this 

analysis for a conservative estimate of the construction noise at the receptors; i.e., ignoring 

reduction due to topography or ground effects. 

Pile driving is often the dominant source of noise complaints during construction. A conservative 

approach was taken by calculating the maximum sound level (Lmax) that would result from driving a 

single pile at the location closest to the noise-sensitive receptor. The Lmax is unaffected by the 

number of pile drivers operating at a given time because the impacts are discrete, short duration 

events that typically do not overlap in time. However, the 8-hour Leq, calculated for all other 

equipment as described above, was added to the Lmax calculated for pile-driving noise to get the total 

construction noise for comparison to the noise criteria. 

Vibration 

Impact pile driving would be the dominant source of ground vibration during construction. The 

vibration velocity level (Lv) during pile driving was calculated using the following formula from the 

FTA/FRA guidance. 

Lv(D) = Lv(25 ft) – 30 log10(D/25) 

Where:  

 Lv is the root mean square (RMS) vibration velocity level expressed in decibels (VdB) referenced 

to 1 microinch/second. 

 Lv(25 feet) is the reference vibration velocity level for the piece of equipment. In this case, a 

value of 112 VdB was used, which represents the upper range of vibration level generated by an 

impact pile driver. 

 D is the distance from the receptor to the piece of equipment. 

A list of reference vibration velocity levels for typical construction equipment is provided in Table 4. 

Table 4.  Vibration Source Levels for Construction Equipment 

Equipment 
Peak Particle Velocity at 25 

feet (inches per second) Approximate Lva at 25 feet 

Pile driver (impact) 1.518 112 

Vibratory roller 0.210 94 

Hoe ram 0.089 87 

Large bulldozer 0.089 87 

Loaded trucks 0.076 86 

Jackhammer 0.035 79 

Small bulldozer 0.003 58 

Notes: 
a RMS velocity in decibels (VdB) are 1 micro-inch/second 
Source: Federal Railroad Administration 2012 
Lv = vibration velocity level;, RMS = root mean square;, VdB = vibration decibel 
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The FTA/FRA guidance recommends a slightly different formula to assess potential for structural 

damage due to ground vibration. However, human annoyance occurs at much lower vibration levels 

than vibration levels that may cause cosmetic damage to structures so this lower threshold was used 

to assess impacts.  

2.1.2.2 Operations—Project Areas 

The methods for analyzing noise and vibration impacts related to operations on the project areas 

are described in this subsection. 

Noise 

The Computer-Aided Noise Abatement (Cadna/A®) Noise Prediction Model (Version 4.4.145) was 

used to estimate the propagation of sound from aggregate project operations at the project area. 

Cadna/A® is a Windows-based software program that predicts and assesses noise levels near 

industrial noise sources using standardized algorithms for noise propagation calculations 

(International Organization for Standardization 1996). The software can accept sound power levels 

(in dB re: 1 picoWatt) in octave-band center frequency resolution to describe the multiple sound 

propagation sources of the site processes or activity to be modeled. The calculations account for 

classical sound wave divergence plus attenuation factors resulting from air absorption, basic ground 

effects, and barriers or shielding. The advantage of using Cadna/A® is that it helps handle the three-

dimensional sound propagation complexity of considering realistic intervening natural and human-

made topographical barrier effects, including those resulting from terrain features (e.g., Mount Solo) 

and from structures such as major buildings, storage tanks, and large equipment. The model 

predicted SPLs at all noise-sensitive receptors in the study areas and generated noise contours of 

equal Leq, 50 A-weighted decibels (dBA) and 60 dBA, for comparison to the Washington State 

regulatory noise criteria.  

A detailed Cadna/A® model for the On-Site Alternative (URS Corporation 2014b) was reviewed and 

found to be reasonable. Minor modifications included the addition of calculation points at each of 

the noise-sensitive receptors. Table 5 and Table 6 list the point-type and line-type sound sources, 

respectively, that were included in the model, and the assumptions for each source are described 

following the tables. The Applicant has stated that several of the line-type sources would have 

corrugated fiberglass-reinforced plastic (FRP) panels as exterior cladding material (Table 7) (URS 

Corporation 2014b). Atmospheric conditions of no wind and no temperature inversions were 

assumed for all predictions. (Historical information indicates the likelihood of a temperature 

inversion in the area is approximately 5% [City of Portland 1955].)  

Table 5.  Modeled Point-Type Sound Sources for Operations 

Noise Source 

Sound Power Level 

(dBA)a 
Attenuation 

Applied 
Height Above 

Ground (feet)b 

Idling Train North1 109 — 6.56 

Idling Train North2 109 — 6.56 

Idling Train North3 109 — 6.56 

Idling Train North4 109 — 6.56 

Idling Train North5 109 — 6.56 

Idling Train North6 109 — 6.56 
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Noise Source 

Sound Power Level 

(dBA)a 
Attenuation 

Applied 
Height Above 

Ground (feet)b 

Idling Train North7 109 — 6.56 

Idling Train South1 109 — 6.56 

Idling Train South2 109 — 6.56 

Idling Train South3 109 — 6.56 

Idling Train South4 109 — 6.56 

Idling Train South5 109 — 6.56 

Idling Train South6 109 — 6.56 

Idling Train South7 109 — 6.56 

Surge Bin 15-SB-01 102.7 — 73.08 

Tandem Rotary Dumper 103 — 21.25 

Stg1 Conv Drv 01 100.2 — 11.97 

Stg1 Conv Drv 03 100.2 — 11.97 

Stg1 Conv Drv 05 100.2 — 11.97 

Stg1 Conv Drv 09 100.2 — 11.97 

Stg1 Conv Drv 10 100.2 — 11.97 

Stg1 Conv Drv 06 100.2 — 11.97 

Stg1 Conv Drv 13 100.2 — 11.97 

Stg1 Conv Drv 15 100.2 — 11.97 

Stg1 Conv Drv 17 100.2 — 11.97 

Stg1 Trnsf Twr 1 98.8 — 41.26 

Stg1 Trnsf Twr 2 98.8 — 36.08 

Stg1 Trnsf Twr 3 98.8 — 40.97 

Stg1 Trnsf Twr 5 98.8 — 31.75 

Stg1 Trnsfr Twr 6 98.8 — 31.75 

Stg1 Trnsfr Twr 7 98.8 — 31.75 

Stg1 Trnsfr Twr 8 98.8 — 47.69 

Stg2 Conv Drv A 100.2 — 11.97 

Stg2 Conv Drv B 100.2 — 11.97 

Stg2 Conv Drv C 100.2 — 11.97 

Stg2 Conv Drv D 100.2 — 11.97 

Stg2 Conv Drv E 100.2 — 11.97 

Stg2 Trnsfr Twr 4 98.8 — 36.08 

Stg2 Conv Drv F 100.2 — 11.97 

Surge Bin 15-SB-02 102.7 — 73.08 

Idling Train North1 109 — 6.56 

Notes: 
a Sound Power Level in dB re: 1 picoWatt 
b Site ground elevation 10 feet 
Source: URS 2014a 
dBA = A-weighted decibels; FRP = fiberglass reinforced plastic 
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Table 6.  Modeled Line-Type Sound Sources for Operations 

Noise Source 

Sound Power Level 

(dBA)a 

Attenuation 
Applied 

Height Above 
Ground (feet)b 

Rail track 113.4 — 6.56 

Tandem Rotary Dumper to TT01 88.5 FRP 87.53 

Stage1 15-SB-02 to TT08 90.7 FRP 99.44 

Stage1 Dock Conveyor 108.7 — 58.79 

Stage1 Reclaim Conveyor to TT05 112.3 — 71.78 

Stage1 Reclaim Conveyor to TT05 112.3 — 71.78 

Stage1 Reclaim for 14-CV-09 106.5 — 114.83 

Stage1 Reclaim for 14-CV-10 106.5 — 114.83 

Stage1 Shiploader for Dock2 106.3 — 85.30 

Stage1 Stacker for 13-CV-05 106.5 — 98.43 

Stage1 Stacker for 13-CV-06 106.5 — 98.43 

Stage1 Stacking Conveyor from TT03 112.3 — 71.78 

Stage1 TT01 to TT02 83.8 FRP 80.54 

Stage1 TT02 to Stacking 111.5 — 35.17 

Stage1 TT02 to TT03 86.6 FRP 89.70 

Stage1 TT05 to Surge Bin (15-SB-02) 92.4 FRP 149.28 

Stage1 TT06 to TT09d 86.3 FRP 49.28 

Stage1 TT09 to Surge Bind 87.3 FRP 149.28 

Stage2 15-SB-02 to TT08 90.6 FRP 99.44 

Stage2 Dock Conveyor 111.2 — 58.79 

Stage2 Reclaim Conveyor to TT07 111.8 — 71.78 

Stage2 Reclaim Conveyor to TT07 111.9 — 71.78 

Stage2 Reclaim for 14-CV-11 106.5 — 114.83 

Stage2 Reclaim for 14-CV-12 106.5 — 114.83 

Stage2 Shiploader for Dock3 106.3 — 85.30 

Stage2 Stacker for 13-CV-08 106.5 — 85.30 

Stage2 Stacking Conveyor from TT04 111.7 — 35.17 

Stage2 TT03 to TT04 86.9 FRP 89.70 

Stage2 TT07 to 15-SB-02 90.9 FRP 149.28 

Stage2 TT07 to TT09d 88.3 FRP 49.28 

Stage2 TT09 to Surge Bind 87.2 FRP 149.28 

Notes: 
a Sound Power Level in dB re: 1 picoWatt 
b Site ground elevation 10 feet 
Source: URS 2014a 
dBA = A-weighted decibels; FRP = fiberglass reinforced plastic 



U.S. Army Corps of Engineers 

 

Affected Environment 
 

 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report 

2-16 
September 2016 

 

 

Parameters and Assumptions—Operations Equipment  

The following notes and assumptions relate to the operations-related equipment of the project area. 

 Transfer towers. The 98.8 dBA sound power level was derived from estimated octave band 

center frequency levels (Edison Electric Institute 1984: Table 4.34), adjusted downward by 17 

decibels in each octave band so that the overall dBA was comparable to a transfer tower 

reference point (Heggies 2006). This adjustment reflects the addition of a cladded enclosure, so 

the FRP attenuation was not applied. The source height is approximately the top of the cladded 

structure (Edison Electric Institute 1984). While the transfer tower noise levels may include 

material falling and conveyor belts, they do not include the conveyor drives, which are 

considered separately. 

 Conveyor belts. The stacking, reclaim, and dock conveyors are exposed to the outdoors and 

hence do not receive the benefit of cladding noise reduction as do the other conveyor segments. 

The 103 dBA sound power level (per 100 meters of length) was recommended for unenclosed 

low-noise conveyors based on an exchange of confidential information between URS and SLR 

Consulting (URS Corporation 2014b) regarding sound levels “generally being achieved in 

practice” at Kooragong Coal Terminal. For enclosed conveyor galleries, the FRP attenuation 

adjustment was applied.  

 Conveyor drives. Conveyor drive locations were identified from available Worley-Parsons plan 

and elevation drawing sets. Consistent with these drawings, all conveyor drives would be 

located near grade and exposed to the outdoors. They would not be located inside the cladded 

transfer towers nor do they feature any substantial noise-reducing enclosure or other means of 

noise reduction. While project design information indicates that conveyor drives would have up 

to four 400-horsepower (HP) motors (URS Corporation 2014b), predictive model data (Heggies 

2006) suggest that the low-noise specification sound power level is 100 dBA for either a 630-

kilowatt motor (845 HP) or an 800-kilowatt motor (1,073 HP) and thus does not depend on the 

total drive power. Hence, all drives in the model for this technical report, ranging from 400 to 

1,600 HP, had the same 100 dBA Leq sound power. 

 Tandem rotary dumper. The tandem rotary dumper sound level is assumed to include motor 

noise from indexers (positioners) fore and aft of the dumper building. The 103 dBA sound 

power level was derived from measured level octave band center frequency levels taken at the 

exteriors of the entry and exit openings of a similar rotary dumper facility (Pittsburgh Testing 

Laboratory 1982). 

 Startup rapid unloader. For purposes of this analysis, the startup rapid unloader was assumed 

similar to the tandem rotary dumper with respect to noise emission. 

 Shiploader. The shiploaders move bulk materials along the dock conveyors and are point 

sources of noise. The 106.3 dBA SPL was derived from a reference terminal (Whitt et al. 2007), 

adjusted so that the overall dBA was comparable to the value shown for the shiploader in a 

comparable noise impact assessment (Heggies 2006). 

 Stacker/reclaimer. The stackers and reclaimers move bulk materials along assigned conveyors 

and are point sources of noise. The stackers and reclaimers do not emit noise from fixed 

positions but emit variable noise along a length (i.e., the underlying conveyor position). The 

model provides an average source position and depicts stacker and reclaimer movement or 

variable positions. The source heights correspond with the highest point of the boom (stacker) 

or the wheel axle (reclaimer). The 106.5 dBA SPL was derived from estimated octave band 



U.S. Army Corps of Engineers 

 

Affected Environment 
 

 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report 

2-17 
September 2016 

 

 

center frequency levels (Edison Electric Institute 1984: Table 4.34) so that the overall dBA was 

comparable to a stacker and reclaimer reference point (Heggies 2006). 

 Surge bin. The 102.7 dBA sound power level was derived from octave band center frequency 

levels in a reference noise assessment (Heggies 2010), adjusted so that the overall dBA was 

comparable to the value shown for the buffer bin in a comparable noise impact assessment 

(Heggies 2006). 

 Train loops. Trains undergoing active railcar unloading through the rotary car dumper would 

move slowly during the worst-case hour under consideration. Measurement data from a 

reference report (U.S. Environmental Protection Agency 1974) provides the basis for an 

assumed octave-band signature for a comparable sample train of four locomotives and 89 

loaded cars. For this operations noise model, a value of 77 dBA per meter generates noise for the 

moving train (undergoing unloading) that is consistent with recommendations (URS 

Corporation 2014b) and sound power data from another noise impact assessment (Heggies 

2006). Because other trains could be idling, the sound exposure level (SEL) was estimated 

(Federal Transit Administration 2006: Tables 5-5 and 5-6) and the octave-band profile was 

approximated data from the reference report (U.S. Environmental Protection Agency 1974). 

Idling trains were modeled as point sources of noise, with a pair of locomotives at the head of 

the train, and a single locomotive at the tail.  

Parameters and Assumptions—Site Features 

 Structures. The Cadna/A® 3-D model included path-occluding buildings and structures such as 

the tandem rotary dumper and the administration office and warehouse.  

 Coal storage. The Cadna/A® model approximates the tall heaps of stored coal as sloped 15-

meter-tall embankments having a size and geometry similar to what appears in available 3-D 

project layout rendering images. 

 Surface acoustical absorption. On a recognized scale of zero to one, with zero representing a 

fully acoustically reflective surface and one representing a fully absorptive surface, the ground 

surface, on average, was considered 0.5. However, the Columbia River area was locally set to 

zero. 

 Foliage. Consistent with what is shown on available aerial photography and observations from 

the ambient sound survey.  

 Temperature and relative humidity. The Cadna/A® model assumes at least 70% relative 

humidity and 20 degrees Celsius—standard values in the model configuration. Available 

weather data for the project areas indicates that seasonal average relative humidity ranges from 

72 to 80% (Golden Gate Weather Services 2015), and high temperatures range from about 7 to 

26 degrees Celsius (Western Regional Climate Center 2015). Hence, the selected relative 

humidity value is within the annual relative humidity range and would be considered 

representative; and, the selected temperature value is near the high value of the region’s 

recorded range and would be considered both representative and conservative, because (all else 

being equal) sound travels farther in an atmosphere with higher temperatures. The relative 

humidity affects the degree to which sound is absorbed by the atmosphere over large distances 

and the effect is more pronounced at higher frequencies. At 20 degrees Celsius and at a fixed 

distance from a noise source, a change in humidity from 70 to 80%, would be expected to 

produce a reduction in noise level (from a continuous source) of about 1 decibel.  
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 Cladding noise reduction. Based on the Applicant’s response to a data request, this analysis 

assumes that the three major types (roof, opaque wall, translucent window) of exterior surface 

material are corrugated FRP having a surface weight of 8 ounces per square foot. Because actual 

sound transmission loss data were not included in the material specifications and engineering 

data, and neither were such data found after a reasonable online search, an approximation was 

used for this analysis. Assuming its thickness and fluted structure was functionally similar to 

FRP material, the transmission loss data for a corrugated asbestos sheet of 2 pounds per square 

foot (Bies and Hansen 1996) was reduced by 12 decibel in each octave band to account for the 

mass law (a reduction of 6 decibel for each halving of material mass). Then, to account for 

expected differences between laboratory test and actual field conditions, another reduction of 

3 decibels was conservatively applied. The resulting octave band center frequency transmission 

loss data are shown in Table 7. 

Table 7.  Estimated Transmission Loss for Fiberglass-Reinforced Plastic Cladding Material  

Octave Band (Hz) 63 125 250 500 1000 2000 4000 8000 

Transmission Loss 
(decibels) 

5 10 15 18 18 23 24 27 

Notes: 
Hz = Hertz  

Vibration 

There would be no substantial sources of ground vibration on site during operations with the 

possible exception of trains moving on the rail loop. Using generalized ground surface vibration 

curves (Federal Transit Administration 2006) and correcting for speed, vibration from train 

operations is unlikely at distances greater than 40 feet from a railroad track for infrequent events 

(less than 30 passbys per day). The closest vibration-sensitive receptor is approximately 275 feet 

from the outer track of the rail loop. Therefore, no analysis was conducted to estimate vibration 

generated during project area operations.  

2.1.2.3 Operations—Rail Traffic 

The methods for analyzing noise and vibration impacts related to rail traffic to and from the project 

areas are described in this subsection. 

Noise 

Operations-related rail traffic was estimated for four rail segments.  

 BNSF Spur to the Reynolds Lead. 

 Reynolds Lead from BNSF Spur to 3rd Avenue and California Way. 

 Reynolds Lead from 3rd Avenue and California Way to midway between Industrial Way (State 

Route 432) and the Weyerhaueser entrance. 

 Reynolds Lead from midway between Industrial Way and Weyerhaueser entrance to the project 

area.  

The assumptions related to estimates of rail traffic are summarized in Tables 8 through 11. 
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Table 8.  Average Freight Rail Traffic, Consists, and Speed—BNSF Spur to Reynolds Lead 

 

Number of 
Locomotives 

per Train 

Number of 
Railcars 

per Train 

Total 
Train 

Length 
(feet)a 

Daily 
Average 

Train 
Traffic 

Daily Total 
Train Passbys 

along BNSF 
Spur in Both 

Directions 
Speed 
(mph) 

Existing Traffic 2015 2.6 78 4,919 3.6 7.1 10 

No-Action 2018 2.6 78 4,919 3.6 7.1 10 

No-Action 2028b 2.6 78 4,919 3.6 7.1 10 

Proposed Terminal 
Operation 2028b 

3 125 6,844 8 16 10 

Proposed Terminal 
Operation 2028c 

3 125 6,844 8 16 20 

Notes: 
a Existing and No-Action Alternative locomotive length = 68.7 feet average; railcar length = 60.8 feet average; 

project locomotive length = 73 feet; project length = 53 feet 
b Without track improvements 
c With track improvements 
mph = miles per hour 

Table 9.  Average Freight Schedule, Consists, and Speed—Reynolds Lead from BNSF Spur to 3rd 
Avenue and California Way 

 

Number of 
Locomotives 

per Train 

Number 
of 

Railcars 
per Train 

Total 
Train 

Length 
(feet) 

Daily 
Average 
Trains 

Daily Total 
Train Passbys 

along Reynolds 
Lead in Both 

Directions 

Speed 

(mph) 

Existing Traffic 

2015 
2 20.6 1,459 1.1 2.3 10 

No-Action 2018 2 29.6 2,041 1.1 2.3 10 

No-Action 2028b 2 29.8 2,052 2.0 4.0 10 

No Action 2028c 2 29.8 2,052 2.0 4.0 20 

Proposed Terminal 
Operation 2028b 

3 125 6,844 8 16 10 

Proposed Terminal 
Operation 2028c 

3 125 6,844 8 16 20 

Notes: 
a Existing and No-Action Alternative locomotive length = 68.7 feet average; railcar length = 60.8 feet average; 

project locomotive length = 73 feet; project length = 53 feet 
b Without track improvements 
c With track improvements 
mph = miles per hour 
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Table 10.  Average Freight Schedule, Consists, and Speed—Reynolds Lead from Oregon Way and 
Industrial Way to Project Area 

 

Number of 
Locomotives 

per Train 

Number 
of 

Railcars 
per Train 

Total 
Train 

Length 
(feet)a 

Daily 
Average 
Trains 

Daily Total 
Train Passbys 

along Reynolds 
Lead in Both 

Directions 
Speed 
(mph) 

Existing Traffic 2015 2 20.6 1,441 1.1 2.3 10 

No-Action 2018 2 29.6 2,024 1.1 2.3 10 

No-Action 2028e 2 29.8 2,035 2.0 4.0 10 

Proposed Terminal 
Operation 2028b 

3 125 6,844 8 16 10 

Proposed Terminal 
Operation 2028c 

3 125 6,844 8 16 20 

Notes: 
a Existing and No-Action Alternative locomotive length = 68.7 feet average; railcar length = 60.8 feet average; 

project locomotive length = 73 feet; project length = 53 feet 
b Without track improvements 
c With track improvements 
mph = miles per hour 

Table 11.  Freight Schedule, Consists, and Speed—Reynolds Lead from Midway between Industrial 
Way and Weyerhaueser Entrance to Project Area 

 

Number of 
Locomotives 

per Train 

Number 
of 

Railcars 
per Train 

Total 
Train 

Length 
(feet)a 

Daily 
Average 
Trains 

Daily Total 
Train Passbys 

along Reynolds 
Lead in Both 

Directions 

Speed 

(mph) 

Existing Traffic 
2015 

2 20.6 1,441 1.14 2.3 10 

No-Action 2018 2 29.6 2,024 1.14 2.3 10 

No-Action 2028b 2 29.8 2,035 1.995 4.0 10 

Proposed Terminal 
Operation 2028b 

3 125 6,844 8 16 10 

Proposed Terminal 
Operation 2028c 

3 125 6,844 8 16 10 

Notes: 
a Existing and No-Action Alternative locomotive length = 68.7 feet average; railcar length = 60.8 feet average; 

project locomotive length = 73 feet; project length = 53 feet 
b Without track improvements 
c With track improvements 
mph = miles per hour 

For the 2028 On-Site Alternative, Off-Site Alternative, and No-Action Alternative analysis, proposed 

track improvements would include additional track around the yard and a new power switch. These 

improvements would allow an increase in train speed across some of the crossings from 10 to 20 

miles per hour. The analysis also considered without track improvements. For this study, a 

conservative analysis incorporated the maximum allowable train speed into the noise model for the 

full length of each segment. 
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Reference SELs (Federal Railroad Administration 2012) for trains are 97 dBA SEL for freight 

locomotives (90 feet long) and 100 dBA SEL for freight cars (2,000 feet long). These reference SELs 

are normalized to 1 second duration at 50 feet for a train traveling 40 miles per hour. These 

reference SELs represent at-grade ballast and tie track with continuously welded rail conditions, 

similar to the Reynolds Lead track construction.  

There are five public at-grade crossings along the Reynolds Lead and BNSF Spur from the main line 

to the project area. 

 Dike Road 

 3rd Avenue 

 California Way 

 Oregon Way 

 Industrial Way 

At Industrial Way, the rail line crosses from the north side to the south side of Industrial Way, 

approximately 1000 feet west of the crossing at Oregon Way. The crossings at 3rd Avenue and 

California Way are within approximately 500 feet of each other. In addition to these public 

crossings, there are three private at-grade crossings.  

 Weyerhaeuser entrance west of Douglas Street 

 Weyerhaeuser entrance at Washington Way 

 38th Avenue entrance to the Applicant’s existing bulk product terminal  

The noise model included the FRA provision that horns be sounded not less than 15 seconds or 

more than 20 seconds before the locomotive reaches a crossing. To be conservative, the analysis 

assumes locomotive horn sounding would begin 20 seconds before the locomotive reaches a 

crossing (or 600 feet at 20 miles per hour) with a source reference level of 113 dBA SEL, per the FRA 

guidelines (2012) for assessing train horn noise impacts in the vicinity of grade crossings. 

Day-night sound level (Ldn) is the A-weighted Leq for a 24-hour period with a 10-decibel penalty 

applied to noise levels between 10 p.m. and 7 a.m. To calculate the Ldn metric, it is necessary to 

define the number of trains that pass during daytime hours (7 a.m. to 10 p.m.) and nighttime hours 

(10 p.m. to 7 a.m.). The proposed export terminal would operate 24 hours a day and 7 days a week. 

For the Ldn calculations, it was assumed rail traffic would be evenly distributed; therefore, 62.5% of 

the daily train traffic was assumed to pass in the day and the remaining 37.5% was assumed to pass 

in the night. 

The Cadna/A® model was used to predict noise levels generated by rail traffic along the BNSF Spur 

and Reynolds Line for current conditions (2015), the No-Action Alternative in 2018 (No Action 

2018), the No-Action Alternative in 2028 (No Action 2028), and operation in 2028 of the On-Site 

Alternative or Off-Site Alternative (Operations 2028). A summary of the model input is provided in 

Tables 12 through 15. The noise levels were predicted for trains running without sounding horns at 

crossings and for trains running with horns sounding at crossings.  
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Table 12.  Cadna/A® Freight Train Noise Model Input—BNSF Spur to Reynolds Lead 
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Reference SEL, dBAa 97 97 97 97 97 97 97 

Reference length, feet 90 90 90 90 90 90 90 

Reference speed, mph 40 40 40 40 40 40 40 

Speed coefficient, K  10 10 10 10 10 10 10 

Length per unit, feet 69 69 69 69 72 72 72 

Total number of daytime passbysb 12 12 12 12 30 30 6 

Total number of nighttime passbysb  7 7 7 7 18 18 n/a 

R
a

il
ca

rs
 

Reference SEL, dBAa 100 100 100 100 100 100 100 

Reference length, feet 2,000 2,000 2,000 2,000 2,000 2,000 2,000 

Reference speed, mph 40 40 40 40 40 40 40 

Speed coefficient, K  20 20 20 20 20 20 20 

Length per unit, feet 62 66 66 66 52 52 52 

Total number of daytime passbysb 347 347 347 347 1,250 1,250 250 

Total number of nighttime passbysb  208 208 208 208 750 750 n/a 

H
o

rn
s Reference SEL, dBA1 113 113 113 113 113 113 113 

Number of daytime passbysb 4 4 4 4 10 10 2 

Number of nighttime passbysb 3 3 3 3 6 6 - 

 Train speed, mph 10 10 10 20 10 20 20 

Notes: 
a Reference SEL at distance of 50 feet 
b Daytime: 7 a.m. to 10 p.m., Nighttime: 10 p.m. to 7 a.m. 
c Without track improvements 
d With track improvements 
SEL = sound exposure level; dBA = A-weighted decibel; mph = miles per hour; K = speed coefficient; n/a = not 
applicable 
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Table 13.  Cadna/A® Freight Train Noise Model Input—Reynolds Lead from BNSF Spur to 3rd Avenue 
and California Way 
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Reference SEL, dBAa 97 97 97 97 97 97 97 

Reference length, feet 90 90 90 90 90 90 90 

Reference speed, mph 40 40 40 40 40 40 40 

Speed coefficient, K  10 10 10 10 10 10 10 

Length per unit, feet 59 59 59 59 72 72 72 

Total number of daytime passbysb 3 3 5 5 30 30 6 

Total number of nighttime passbysb  2 2 3 3 18 18 n/a 

R
a

il
ca

rs
 

Reference SEL, dBAa 100 100 100 100 100 100 100 

Reference length, feet 2,000 2,000 2,000 2,000 2,000 2,000 2,000 

Reference speed, mph 40 40 40 40 40 40 40 

Speed coefficient, K  20 20 20 20 20 20 20 

Length per unit, feet 66 66 66 66 52 52 52 

Total number of daytime passbysb 29 42 74 74 1,250 1,250 250 

Total number of nighttime passbysb  18 25 45 45 750 750 n/a 

H
o

rn
s Reference SEL, dBA1 113 113 113 113 113 113 113 

Number of daytime passbysb 1 1 2 2 10 10 2 

Number of nighttime passbysb 1 1 1 1 6 6 - 

 Train speed, mph 10 10 10 20 10 20 20 

Notes:  
a Reference SEL at distance of 50 feet 
b Daytime: 7 a.m. to 10 p.m., Nighttime: 10 p.m. to 7 a.m. 
c Without track improvements 
d With track improvements 
SEL = sound exposure level; dBA = A-weighted decibel; mph = miles per hour; K = speed coefficient; n/a = not 
applicable 
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Table 14.  Cadna/A® Freight Train Noise Model Input—Reynolds Lead from Oregon Way and Industrial 
to the Project Area 
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Reference SEL, dBAa 97 97 97 97 97 97 97 

Reference length, feet 90 90 90 90 90 90 90 

Reference speed, mph 40 40 40 40 40 40 40 

Speed coefficient, K  10 10 10 10 10 10 10 

Length per unit, feet 49 49 49 49 72 72 72 

Total number of daytime passbysb 3 3 5 5 30 30 6 

Total number of nighttime passbysb  2 2 3 3 18 18 n/a 

R
a

il
ca

rs
 

Reference SEL, dBAa 100 100 100 100 100 100 100 

Reference length, feet 2,000 2,000 2,000 2,000 2,000 2,000 2,000 

Reference speed, mph 40 40 40 40 40 40 40 

Speed coefficient, K  20 20 20 20 20 20 20 

Length per unit, feet 66 66 66 66 52 52 52 

Total number of daytime passbysb 29 42 74 74 1,250 1,250 250 

Total number of nighttime passbysb  18 25 45 45 750 750 n/a 

H
o

rn
s Reference SEL, dBA1 113 113 113 113 113 113 113 

Number of daytime passbysb 1 1 2 2 10 10 2 

Number of nighttime passbysb 1 1 1 1 6 6 - 

 Train speed, mph 10 10 10 20 10 20 20 

Notes:  
a Reference SEL at distance of 50 feet 
b Daytime: 7 a.m. to 10 p.m., Nighttime: 10 p.m. to 7 a.m. 
c Without track improvements 
d With track improvements 
SEL = sound exposure level; dBA = A-weighted decibel; mph = miles per hour; K = speed coefficient; n/a = not 
applicable 
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Table 15.  Cadna/A® Freight Train Noise Model Input—Reynolds Lead from Midway between 
Industrial Way and Weyerhaueser Entrance to Project Area 
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Reference SEL, dBAa 97 97 97 97 97 97 97 

Reference length, feet 90 90 90 90 90 90 90 

Reference speed, mph 40 40 40 40 40 40 40 

Speed coefficient, K  10 10 10 10 10 10 10 

Length per unit, feet 49 49 49 49 72 72 72 

Total number of daytime passbysb 3 3 5 5 30 30 6 

Total number of nighttime passbysb  2 2 3 3 18 18 n/a 

R
a

il
ca

rs
 

Reference SEL, dBAa 100 100 100 100 100 100 100 

Reference length, feet 2,000 2,000 2,000 2,000 2,000 2,000 2,000 

Reference speed, mph 40 40 40 40 40 40 40 

Speed coefficient, K  20 20 20 20 20 20 20 

Length per unit, feet 66 66 66 66 52 52 52 

Total number of daytime passbysb 29 42 74 74 1,250 1,250 250 

Total number of nighttime passbysb  18 25 45 45 750 750 n/a 

H
o

rn
s Reference SEL, dBA1 113 113 113 113 113 113 113 

Number of daytime passbysb 1 1 2 2 10 10 2 

Number of nighttime passbysb 1 1 1 1 6 6 - 

 Train speed, mph 10 10 10 10 10 10 10 

Notes:  
a Reference SEL at distance of 50 feet 
b Daytime: 7 a.m. to 10 p.m., Nighttime: 10 p.m. to 7 a.m. 
c Without track improvements 
d With track improvements 
SEL = sound exposure level; dBA = A-weighted decibel; mph = miles per hour; K = speed coefficient; n/a not applicable 

Railroad noise is exempt from Washington State noise limits. There are no criteria or guidelines for 

assessing noise impacts specifically from freight trains. However, the guidelines provided for 

assessing noise impacts from high-speed rail projects (Federal Railroad Administration 2012) and 

from transit projects (Federal Transit Administration 2006) are appropriate for assessing potential 

noise impacts from rail traffic for the proposed project. Per these guidelines, noise impacts are 

determined by the increase in ambient noise level (Ldn or peak hour Leq, depending on the type of 

receptor) after the project is completed. The amount of increase that is acceptable depends on the 

existing ambient noise level. 
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The FTA/FRA guidance defines two levels of potential impact, moderate impact or severe impact. The 

level of impact is determined by the existing level of noise exposure and the change in noise 

exposure that would result from the proposed project using a sliding scale according to the land 

uses affected. Noise impacts are assessed by comparing the existing outdoor noise exposure with 

proposed project-related outdoor noise levels, as illustrated in Figure 6. The criterion for each 

degree of impact is based on a sliding scale that is dependent on the existing noise exposure and 

noise exposure with project-related trains. As the existing level of noise exposure increases, the 

additional noise exposure causing a moderate or severe impact decreases. 

Figure 6. Noise Impact Criteria 

 

Source: Federal Transit Administration 2006. 

FTA/FRA guidance noise impact criteria are based on the land-use category of the receiving 

properties. The FTA/FRA guidance identifies three land-use categories for assessing potential noise 

impacts.4 

 Category 1. Tracts of land where quiet is an essential element of their intended purpose, such as 

outdoor amphitheaters, concert pavilions, and national historic landmarks with significant 

outdoor use. 

                                                             
4 Noise exposure values are reported as hourly equivalent sound level (Leq[h]) for Category 1 and 3 land uses, and 
Ldn for residential land uses (Category 2). 
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 Category 2. Residences and buildings where people normally sleep, including homes, hospitals, 

and hotels.  

 Category 3. Institutional land uses (schools, places of worship, libraries) that are typically 

available during daytime and evening hours. Other uses in this category can include medical 

offices, conference rooms, recording studios, concert halls, cemeteries, monuments, museums, 

historical sites, parks, and recreational facilities.  

The analysis considered two types of rail noise. 

 Wayside noise refers to the combined effect of locomotive noise and car/wheel noise.  

 Horn noise refers to the sound of locomotive warning horns, which are sounded at public at-

grade road/rail crossings. Because horn sounding is intentionally loud to warn motorists of 

oncoming trains, the horn noise footprint is often larger than the wayside noise footprint.  

To determine noise impact for the No-Action Alternative, the Ldn predicted for existing trains was 

decibel subtracted from the measured Ldn at each ambient survey location. This provided Ldn levels 

representative of sources other than trains. The Ldn predicted for the No-Action Alternative was then 

added to the result to provide the No-Action Alternative Ldn including all sources of noise. Any 

increases between the No-Action Alternative Ldn and the measured Ldn (which included noise from 

the existing trains) were compared to the FTA/FRA guidance to determine impact.  

To determine noise impacts for the operation of the proposed project in 2028, the calculated Ldn for 

associated train traffic was added to the No Action 2028 Ldn calculated at each ambient survey 

location as described above. Any relative increases between the above summation and the No Action 

2028 levels were compared to the FTA/FRA guidance. The above approach accounted for increases, 

if any, in rail traffic noise not associated with the proposed project by 2028.  

At locations where potential noise impacts were indicated, additional nearby calculation points 

were added to the Cadna/A® model to determine the potential extent of the impacts. The model 

results and online satellite photography were then used to determine the number of potentially 

affected properties. 

For noise-sensitive receptors that have predominantly daytime use only (e.g., churches, schools), 

noise impacts are determined from the peak hour Leq per the FTA/FRA guidance. The existing Leq 

was determined at each ambient survey location from the long-term survey data. The ambient 

survey data and the calculated Leq were used to determine impacts in a similar fashion as for the Ldn 

at residences described above.  

Vibration 

Using generalized ground surface vibration curves (Federal Transit Administration 2006) and 

correcting for speed, vibration from train operations is unlikely at distances greater than 40 feet 

from a railroad track for infrequent events (less than 30 passbys per day). The closest vibration-

sensitive receptor is approximately 150 feet away from the Reynolds Lead. There are no vibration 

sensitive receptors along the BNSF Spur. Therefore, no analysis was conducted to estimate vibration 

generated during rail operations.  
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2.1.2.4 Operations—Vessel Traffic 

The methods for analyzing noise and vibration impacts related to vessel traffic to and from the 

project areas are described in this subsection. 

Noise 

There are numerous sources of noise from stationary and moving vessels, summarized as follows. 

 Stationary vessels. Vessels may be considered stationary noise sources while moored at the 

docks for loading or unloading. The primary sources of airborne noise from large commercial 

cargo vessels are the ventilation systems for the engine room and cargo hold. Localized noise 

may also emit from exhaust stacks or ventilation ducts on the sides of a ship. Noise levels 

produced by a large moored bulk container ship have been measured at about 65 dBA at a 

distance of 19 meters (62 feet) at both the engine room ventilation fans and the cargo hold fans 

(Badino et al. 2014). Using the above information as a reference, the Leq at any distance from a 

stationary vessel was calculated using the following equation. 

Leq(stationary
vessel)

= 65 − 20log(
d

62
) 

Where d is the distance in feet between the receiver and the vessel. The above equation is based on 

the basic concept of spherical spreading from a point source of noise (i.e., 6 dB reduction per 

doubling of distance). A similar term is used in the FTA guidance manual for projecting noise during 

construction (Federal Transit Administration 2006). 

 Vessels under way. Vessels may be considered slow moving, single sources of noise while 

under way in the river. For these vessels, the dominant noise source is engine noise transmitted 

through intake air vents and exhaust stacks. An analysis of noise from vessels under way 

estimated the Ldn from a moving ship, assuming existing self-propelled vessel traffic on the 

Columbia River with an average of 6.46 ships per day (U.S. Army Corps of Engineers 2011), half 

during daytime hours and half at night, passing the Port of Longview, Washington. At a 

perpendicular distance of 400 feet from the moving ship, the Ldn was estimated to be 45 dBA, 

well under the European Union Directive noise limit of 75 dBA at 25 meters for vessels under 

way (URS 2014a). Using the above information as a reference, the Ldn at any perpendicular 

distance from the shipping lane with a specific volume of ship traffic was calculated using the 

following equation. 

Ldn(vessels
under
way)

= 45 − 20 log (
d

400
) + 10 log (

V

6.46
) 

Where: 

 d is the perpendicular distance between the lane of ship traffic and the noise sensitive receiver. 

 V is the volume of ship traffic, i.e., average total number of vessels per day. 

The second term on the right-hand side of the above equation accounts for spherical spreading from 

a point source of noise as described for stationary vehicles above. The third term is similar to the 

method used to calculate noise exposure based on train traffic volume per FTA guidance for detailed 

noise analysis (Federal Transit Administration 2006). 
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 Foghorns. Vessels may sound their foghorns while under way in heavy fog. One such horn was 

heard and monitored during a site visit. The foghorn reached a maximum noise level of 60 dBA 

at the ship’s point of closest approach to the measurement location (approximately 1,800 feet). 

This represents the highest foghorn sound level to which noise-sensitive receptors would be 

exposed. The Lmax from foghorns at any perpendicular distance from the shipping lane was 

calculated using the following equation. 

Lmax(foghorn)
= 60 − 20log(

d

1800
) 

Where d is the perpendicular distance in feet between the receiver and the shipping lane. The above 

equation accounts for spherical spreading from a point source of noise as described for stationary 

vehicles above. 

Vibration 

The vessels that would be used are similar to those which are already traveling on the Columbia 

River. There have been no documented cases of perceptible vibration on shore generated by ship 

traffic on the river. Therefore, no analysis was conducted to estimate vibration generated during 

vessel operations. 

2.2 Affected Environment 
This section describes the current noise conditions in the study area. 

Figure 3 in Section 1.3, Study Area, illustrates the land uses in the study area. Figure 4 in Section 2.1, 

Methods, illustrates the sensitive receptors in the study area, including residential land uses. As 

shown in Figure 4, the closest sensitive receptors to the project areas and Reynolds Lead and BNSF 

Spur are residential land uses. These land uses are located north of the Reynolds Lead and Industrial 

Way (SR 432) between Oregon Way and Washington Way (a distance of approximately 1.5 miles 

along the Reynolds Lead). Residential land uses are also located across Mt. Solo Road (SR 432) from 

the project areas. Figures 7 through 10 are plots of the equal Ldn estimated for existing rail traffic 

along the Reynolds Lead and BNSF Spur based on the existing rail traffic provided in the NEPA Rail 

Transportation Technical Report (ICF International and Hellerworx 2016). The following 

subsections describe existing noise conditions, including primary noise sources in the study areas 

and noise-measurement data. 
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Figure 7.  Existing Rail Noise Contours, BNSF Spur to Reynolds Lead, Including Train Horns 
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Figure 8.  Existing Rail Noise Contours, Beginning of Reynolds Lead, Including Train Horns 
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Figure 9. Existing Rail Noise Contours, Mid-Reynolds Lead, Including Train Horns 
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Figure 10. Existing Rail Noise Contours, End of Reynolds Lead, Including Train Horns 
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2.2.1 On-Site Alternative 

A summary of primary noise sources at each long-term survey location is included in Table 16.  

Table 16.  Existing Environmental Noise Sources near the On-Site Alternativea 

Location Noise Sources 

N1: 602 California Way California Way and Industrial Way traffic 

Trains on Reynolds Lead 

Horizon Metals recycling center on California Way 

N2: 111 15th Avenue Industrial Way cars and trucks 

Trains on Reynolds Lead 

N3: 221 Beech Street Local traffic 

Industrial Way traffic 

Weyerhaeuser mill 

Trains on Reynolds Lead 

N4: 875 34th Avenue Local traffic and residential activity 

PNW Metal Recycling at Mint Farm 

N5: 3600 Memorial Park Local traffic 

PNW Metal Recycling at Mint Farm 

N6: 420 Rutherglen Drive Distant industrial at Mint Farm, 

Weyerhaeuser mill 

Port of Longview 

N7: 4723 Mt. Solo Road Traffic on Mt. Solo Road (mostly cars) 

N8: 1719 Dorothy Avenue Local traffic and residential activity 

PMW Metal Recycling at Mint Farm 

Notes: 
a As observed at long-term ambient noise survey locations. 

A summary of daily noise descriptors (Ldn, community noise equivalent [CNEL], daytime Leq and 

nighttime Leq) for each day of measurements at all long-term locations is included in Table 17. The 

data in Table 17 indicate that the Ldn and CNEL values are generally within 1 decibel of each other, 

which is typical of environmental noise dominated by daytime human activity. The hourly Leq for 6 

or 7 days of measurement at locations N1 through N8 are plotted in Appendix A, Existing Ambient 

Sound Pressure Level Survey Data. The hourly statistical SPL for each 24-hour period of 

measurement and at all eight locations are also plotted in Appendix A.  
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Table 17.  Daily Noise Measurements at Sources near the Project Area 

Location Date 

Ldn 

(dBA) 
CNEL 
(dBA) 

Daytime Leq 

(dBA) 

Nighttime Leq 

(dBA) 

N1 

602 California Way 

Tue, Oct 28, 2014 75 75 72 68 

Wed, Oct 29, 2014 76 76 67 70 

Thu, Oct 30, 2014 78 78 68 71 

Fri, Oct 31, 2014 77 77 70 70 

Sat, Nov 1, 2014 72 72 64 66 

Sun, Nov 2, 2014 69 73 67 56 

N2 

111 15th Avenue 

Tue, Nov 4, 2014 77 77 63 71 

Wed, Nov 5, 2014 72 72 60 66 

Thu, Nov 6, 2014 72 73 64 66 

Fri, Nov 7, 2014 67 67 60 61 

Sat, Nov 8, 2014 60 60 60 51 

Sun, Nov 9, 2014 63 63 64 53 

Mon, Nov 10, 2014 74 74 61 68 

N3 

221 Beech Street 

at Alder St. 

Tue, Nov 4, 2014 72 72 68 65 

Wed, Nov 5, 2014 71 71 68 64 

Thu, Nov 6, 2014 71 71 68 64 

Fri, Nov 7, 2014 70 70 67 63 

Sat, Nov 8, 2014 67 67 64 59 

Sun, Nov 9, 2014 67 67 66 59 

Mon, Nov 10, 2014 70 71 67 63 

N4 

875 34th Avenue 

Tue, Nov 4, 2014 67 67 56 61 

Wed, Nov 5, 2014 60 60 51 54 

Thu, Nov 6, 2014 63 63 58 57 

Fri, Nov 7, 2014 58 58 49 52 

Sat, Nov 8, 2014 60 60 60 51 

Sun, Nov 9, 2014 61 61 60 53 

Mon, Nov 10, 2014 58 58 49 52 

N5 

3600 Memorial Park 
Drive 

Tue, Oct 28, 2014 71 71 66 64 

Wed, Oct 29, 2014 62 62 59 55 

Thu, Oct 30, 2014 66 66 61 59 

Fri, Oct 31, 2014 70 70 63 64 

Sat, Nov 1, 2014 59 60 57 52 

Sun, Nov 2, 2014 61 62 61 51 

N6 

420 Rutherglen 
Drive 

Tue, Oct 28, 2014 65 65 55 59 

Wed, Oct 29, 2014 62 62 63 52 

Thu, Oct 30, 2014 62 62 56 55 

Fri, Oct 31, 2014 65 65 56 59 

Sat, Nov 1, 2014 52 52 49 44 

Sun, Nov 2, 2014 56 57 55 48 
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Location Date 

Ldn 

(dBA) 
CNEL 
(dBA) 

Daytime Leq 

(dBA) 

Nighttime Leq 

(dBA) 

N7 

4723 Mt. Solo Road 

Tue, Oct 28, 2014 69 69 65 62 

Wed, Oct 29, 2014 68 68 65 60 

Thu, Oct 30, 2014 68 68 65 60 

Fri, Oct 31, 2014 69 69 65 62 

Sat, Nov 1, 2014 65 65 63 56 

Sun, Nov 2, 2014 63 64 62 55 

N8 

1719 Dorothy 
Avenue 

Tue, Nov 4, 2014 64 64 56 57 

Wed, Nov 5, 2014 58 58 52 51 

Thu, Nov 6, 2014 63 64 64 53 

Fri, Nov 7, 2014 90a 90a 93a 49 

Sat, Nov 8, 2014 57 57 55 50 

Sun, Nov 9, 2014 88a 89a 60 81a 

Mon, Nov 10, 2014 86a 86a 53 81a 

Notes: 
a Includes anomalous high level events, likely due to residential activity near microphone or heavy rainfall. 
Ldn = day-night sound level; dBA = A-weighted decibels; CNEL = community noise equivalent; Leq = equivalent 
sound level  

A summary of the short-term ambient survey results (10-minute Leq) is provided in Table 18. For 

the purpose of assessing potential noise impacts due to increased rail traffic associated with the On-

Site Alternative along the Reynolds Lead, Ldn levels were estimated at each of the above short-term 

locations by comparing the 10-minute Leq to the hourly Leq detected at the nearest long-term 

measurement during the same time of day as the short-term measurement (the hourly Leqs were 

averaged over the days included in the long-term measurements). The Ldn estimated at each short-

term location is included in Table 18. 

Table 18.  Short-Term Noise Measurements at Sources near the On-Site Alternative 

Location 
Address  
(Longview, WA) Date  Time 

10-
minute 

Leq 

(dBA) 

Ldna 

(dBA) 

N1s 605 California 10/27/14 4:28–4:38 p.m. 66 76 

N2s-a 111 15th Avenue 11/3/14  3:06–3:16 p.m. 62 76 

N2s-b End of Sidewalk at 15th Ave at Pole 11/3/14  4:18–4:24 p.m. 59 73 

N2s-c 125 feet north of N2s-b 11/3/14  4:27–4:34 p.m. 57 71 

N2s-d 250 feet north of N2s-b 11/3/14  4:37–4:43 p.m. 56 70 

N2s-e 375 feet north of N2s-b 11/3/14  4:46–4:53 p.m. 56 70 

N3s-a Beech Street & Alder Street 11/3/14  5:55–6:05 p.m. 65 71 

N3s-b 100 feet north up Beech from N3s-a 11/3/14  7:15–7:24 p.m. 62 68 

N3s-c 200 feet north up Beech from N3s-a 11/3/14  7:25–7:31 p.m. 57 63 

N4s 875 34th Avenue 12/8/14  11:10–11:20 a.m. 51 63 

N5s 3534 Memorial Park Drive 10/27/14  3:25–3:35 p.m. 55 66 

N6s 420 Rutherglen Drive 11/3/14  1:40–1:50 p.m. 50 62 

N7s 4723 Mt. Solo Road 10/27/14  5:11–5:21 p.m. 62 68 
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Location 
Address  
(Longview, WA) Date  Time 

10-
minute 

Leq 

(dBA) 

Ldna 

(dBA) 

N8s 1719 Dorothy Avenue 12/8/14  10:37–10:47 a.m. 52 61 

S1 3128 Louisiana Street 12/8/14  10:52–11:02 a.m. 51 71 

S2 3011 Hemlock Street 12/8/14  11:35–11:45 a.m. 59 71 

S3 2642 Field Street 12/8/14  11:54 a.m.–12:04 p.m. 56 68 

S4 30th Ave median & Colorado Street 12/8/14  12:25–12:35 p.m. 61 73 

S5 St Rose 12/8/14  3:32–3:42 p.m. 58 70 

S6 540 23rd Avenue 12/8/14  12:58–1:08 p.m. 49 55 

S7 645 15th Avenue 12/8/14  2:59–3:09 p.m. 63 77 

S8 214 23rd Avenue 12/8/14  1:43–1:53 p.m. 61 67 

S9 410 15th Avenue  12/8/14  1:19–1:29 p.m. 57 91 

S10 Alder Street & Douglas Street 12/8/14  2:05–2:15 p.m. 63 69 

S11 427 28th Avenue 12/8/14  12:40–12:50 p.m. 55 61 

S12 Olive Way & Ocean Beach Hwy 12/8/14  2:32–2:42 p.m. 68 77 

Notes:  
a Estimated from the data collected at the nearest long-term survey location 
Leq = equivalent sound level; Ldn = day-night sound level; dBA = A-weighted decibel 

2.2.2 Off-Site Alternative  

The affected environment for the Off-Site Alternative is the same as described for the On-Site 

Alternative plus the additional information described in this section. A summary of primary noise 

sources at each additional long-term survey location for the Off-Site Alternate is included in 

Table 19.  

Table 19.  Existing Environmental Noise Sources near the Off-Site Alternativea 

Location Noise Sources 

Nalt1: 275 Barlow Point Road Birds, infrequent traffic, ship noise including fog horns 

Nalt2: 149 Barlow Point Road Birds, Willow Grove traffic, ship noise 

Nalt3: Mt. Solo Road Car and truck traffic 

Nalt4: 1945 Schneiter Drive Car and truck traffic on Mt. Solo Road 

Notes: 
a As observed at long-term ambient noise survey locations. Measurements for the On-Site Alternative (Table 16) 

also apply to the Off-Site Alternative.  

A summary of daily noise descriptors (Ldn, CNEL, daytime Leq and nighttime Leq) for each day of 

measurements at each of the additional Off-Site Alternative long-term locations is included in 

Table 20. The hourly Leq for 4 days of measurement at locations Nalt1 through Nalt4 are plotted in 

Appendix A, Existing Ambient Sound Pressure Level Survey Data. The hourly statistical SPL for each 

24-hour period of measurement and at all four locations are also plotted in Appendix A. 
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Table 20.  Daily Noise Measurements at Sources near the Off-Site Alternativea 

Location Date 
Ldn 

(dBA) 
CNEL 
(dBA) 

Daytime Leq 
(dBA) 

Nighttime 
Leq (dBA) 

Nalt1 

275 Barlow Point Road 

Mon, Jan 12, 2015 50 50 50 42 

Tue, Jan 13, 2015 48 48 46 41 

Wed, Jan 14, 2015 51 51 49 44 

Thu, Jan15, 2015 59 61 53 51 

Nalt2 

149 Barlow Point Road 

Mon, Jan 12, 2015 53 53 53 45 

Tue, Jan 13, 2015 52 52 52 42 

Wed, Jan 14, 2015 54 54 53 45 

Thu, Jan15, 2015 63 64 55 57 

Nalt3 

Mt. Solo Road  

Mon, Jan 12, 2015 72 72 69 65 

Tue, Jan 13, 2015 71 72 69 64 

Wed, Jan 14, 2015 72 72 64 69 

Thu, Jan15, 2015 72 72 69 65 

Nalt4 

1945 Schneiter Drive 

Mon, Jan 12, 2015 56 56 53 48 

Tue, Jan 13, 2015 57 57 53 50 

Wed, Jan 14, 2015 57 58 55 50 

Thu, Jan15, 2015 61 61 55 54 

Notes:  
a Measurements for the On-Site Alternative (Table 17) also apply to the Off-Site Alternative 
Ldn = day-night sound level; dBA = A-weighted decibels; CNEL = community noise equivalent; Leq = equivalent 
sound level 

A summary of the additional short-term Off-Site Alternate ambient survey results (10-minute Leq) is 

provided in Table 21 along with the estimated Ldn these locations. 

Table 21.  Short-Term Noise Measurements at Sources near the Off-Site Alternativea 

Location Address (Longview, WA) Date Time 
10-minute 
Leq (dBA) 

Ldnb 

(dBA) 

STalt1 Pioneer Cemetery Road  1/16/15  2:01–2:11 p.m. 63 66 

STalt2 Del Ray II mobile park 1/16/15  12:35–12:45 p.m. 45 49 

STalt3 1842 Island Drive 1/16/15  11:50 a.m.–12:00 p.m. 40 44 

STalt4 5558 Willow Grove Road 1/16/15  11:13–11:23 a.m. 63 66 

STalt5 201 Barlow Point Road 1/16/15  10:52–11:02 a.m. 33 37 

STalt6 Mt. Solo Middle School 1/16/15  12:15–12:25 p.m. 47 50 

Notes:  
a Measurements for the On-Site Alternative (Table 18) also apply to the Off-Site Alternative. 
b Estimated from the data collected at the nearest long-term survey location. 
Leq = equivalent sound level; Ldn = day-night sound level; dBA = A-weighted decibel 
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Chapter 3 
Impacts 

This chapter describes the impacts on noise and vibration that would result from construction and 

operation of the On-Site Alternative or the off-Site Alternative and the noise and vibration impacts 

under the No-Action Alternative. 

3.1 On-Site Alternative 
Potential impacts on noise and vibration from the On-Site Alternative are described below. 

3.1.1 Construction: Direct Impacts 

Construction of the On-Site Alternative would result in the following direct impacts. These impacts 

would occur during the construction period in 2018. 

Exceed Noise Level Benchmark  

Washington State maximum permissible noise level regulations (WAC 173-60-040) do not apply 

to construction noise during daytime hours (between 7 a.m. and 10 p.m.). The maximum noise 

level the closest noise-sensitive receptor (the residence at 104 Bradford Place) during 

construction is predicted to be 83 dBA, which would occur during pile-driving. While not a 

regulatory noise standard for construction noise, to provide context, this noise level would 

exceed FTA/FRA noise level criteria of 80 dBA for construction noise. Noise levels are not 

predicted to be exceeded for any other times during construction when there is no pile-driving, 

or when pile-driving is taking place approximately 1,500 feet from this residence.   

Projected noise levels during construction are summarized in Appendix B, Construction Noise 

Impact Analysis, Table B-1. 

Emit Pile-Driving Vibration  

The maximum predicted vibration levels at the closest vibration-sensitive receptor (the 

residence at 104 Bradford Place) would be 72 VdB during pile-driving. While not a regulatory 

standard for vibration during construction, to provide context, this vibration level would not 

exceed FTA/FRA criteria for vibration from construction at residences. Therefore, no 

construction vibration impacts at the closest vibration-sensitive receivers are expected with the 

On-Site Alternative. 

3.1.2 Construction: Indirect Impacts 

Construction of the On-Site Alternative would result in the following indirect impacts. 

Emit Noise from Construction-Related Road Traffic 

A potential source of noise impacts related to construction would be automobile and truck 

traffic traveling to and from the project area, mainly on Industrial Way. As discussed in the 
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NEPA Vehicle Transportation Technical Report (ICF International and DKS Associates 2016), the 

average daily traffic (ADT) on Industrial Way approaches 10,000 trucks for all vehicles, of which 

approximately 7% (or 700 trucks) are heavy trucks with three or more axles per day. In general, 

changes in a noise level of less than 3 dBA are not typically noticed by the human ear. A doubling 

of traffic volume (i.e., a 100% increase) would be required to increase the Ldn from road traffic 

by 3 dBA at the noise sensitive receptors. It is expected that approximately 330 truck trips per 

day would be required for a 6-month period during the first year to support construction. The 

increase in truck traffic represents an increase of 3.3% in ADT for all vehicles on Industrial Way. 

The potential for noise impact would be less if truck traffic distributed off Industrial Way to 

other roadways in the study area. This increase in vehicular traffic would not result in a 

substantial change to the existing noise levels, would be temporary (during the peak year of 

construction), and would occur only during daytime hours. Therefore, no noise or vibration 

impact related to construction traffic would be anticipated. 

Emit Noise from Construction-Related Rail Traffic 

The On-Site Alternative would add approximately 1.3 train trips during the peak construction 

year if construction materials are delivered by rail. This level of rail activity would not cause 

noise levels to increase more than 3 Ldn (dBA). Rail traffic would not result in noise impacts that 

would meet FTA/FRA criteria for a noise impact.  

3.1.3 Operations: Direct Impacts 

3.1.3.1 Noise 

Operation of the On-Site Alternative would result in the following direct impacts. These impacts are 

estimated for full-scale operations in 2028. 

Exceed Washington Administrative Code Maximum Environmental Noise Levels 

Figure 11 indicates the predicted noise contours (Leq of 50 dBA and 60 dBA) for operations at 

the On-Site Alternative. The analysis indicates noise from operation of the On-Site Alternative in 

2028 would exceed the Washington State noise standard at a single residence (104 Bradford 

Place). As indicated in Figure 11, this residence is within the 50 dBA Leq contour, which is the 

applicable Washington State limit for nighttime noise levels in a residential area when the noise 

is from an industrial source. The predicted Leq at the residence is 55 dBA. This predicted noise 

level is likely comparable to the current nighttime noise level because the residence has a 

similar exposure to the Mt. Solo Road traffic noise as the N7 noise monitor location. At N7, the 

nighttime noise levels ranged from 55 dBA on a Sunday night to 62 dBA on weeknights. 

Another residence, just north of the above residence, would be shielded by the topography of 

the land (Figure 11). The predicted Leq at the second residence is 50 dBA and would not exceed 

the Washington State maximum environmental noise level at this location. 
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Figure 11.  Predicted Continuous Noise Level (Leq) Contours during Operations  
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3.1.3.2 Vibration 

No substantial sources of ground vibration would occur at the project area during operations and 

the closest vibration receptor is too far away to be affected by vibration from trains on the rail loop. 

Therefore, no vibration impacts associated with operations at the project area would be anticipated.  

3.1.4 Operations: Indirect Impacts 

Figures 12 through 15 are plots of the equal Ldn noise levels in 2028 with the On-Site Alternative. All 

contours include the contribution of noise from train horns. Operation of the On-Site Alternative 

would result in the following indirect impacts. These impacts are estimated for full-scale operations 

in 2028. 

Exceed FTA/FRA Guidelines for No Noise Impact  

Operation of the On-Site Alternative would increase rail traffic-related noise along the Reynolds 

Lead and BNSF Spur. Train engineers are required by FRA rules to begin to sound locomotive 

horns at least 15 seconds and not more than 20 seconds in advance of public grade crossings.5 In 

addition, LVSW operating rules require train engineers to sound locomotive horns at private 

grade crossings. These noise impacts would occur with or without the incorporation of 

proposed track improvements that would allow higher train speed through the grade crossings. 

In either case, train horns sounded near grade crossings would still be required and would be 

the dominant noise impact. 

Noise from surface carriers engaged in interstate commerce by railroad is exempt from 

Washington state maximum permissible noise level regulations (WAC 173-60-040). As 

discussed above in Section 2.1.2.3, Operations—Rail Traffic, FTA and FRA have defined two 

levels of potential impact, moderate impact or severe impact. The level of impact is determined 

by the existing level of noise exposure and the change in noise exposure that would result from 

the On-Site Alternative. As the existing level of noise exposure increases, the additional noise 

exposure needed to cause a moderate or severe impact decreases. For this analysis, the existing 

level of noise exposure was determined by the ambient noise study results and the projected 

No-Action Alternative 2028 noise levels described in Section 2.1.2.4 Operations—Rail Traffic.  

 

                                                             
5 The FRA horn noise regulations that require locomotive horn sounding at public at-grade crossings also include 
provisions for establishing quiet zones where horn sounding would not be required if adequate alternative safety 
measures are provided.  
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Figure 12.  Noise Contours for On-Site Alternative 2028 Rail Traffic, BNSF Spur to Reynolds Lead, Including Train Horns 
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Figure 13.  Noise Contours for On-Site Alternative 2028 Rail Traffic, Beginning of Reynolds Lead, Including Train Horns 
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Figure 14.  Noise Contours for On-Site Alternative 2028 Rail Traffic, Mid-Reynolds Lead, Including Train Horns 
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Figure 15.  Noise Contours for On-Site Alternative 2028 Rail Traffic, End of Reynolds Lead, Including Train Horns 



U.S. Army Corps of Engineers 

 

Impacts 
 

 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report 

3-9 
September 2016 

 

 

Table 22 lists the results of the noise impact assessment per the guidelines established by the 

FTA/FRA guidance at each ambient survey location for trains traveling to and from the project 

area. The table lists the following.  

 Ldn existing noise exposure (based on the ambient noise study results presented in Chapter 

2) 

 Ldn predicted existing noise exposure 

 Ldn levels representative of all other sources of noise not related to trains (decibel 

subtracted) 

 Ldn predicted for the No-Action Alternative trains alone 

 Ldn for total noise exposure (project-related trains, plus No-Action Alternative trains, plus all 

other sources of noise not related to trains) 

 Net increase in noise exposure 

 The thresholds of moderate and severe impact 

Impact determination at each survey location per the moderate and severe thresholds 

established according to FTA/FRA guidance. The net increase is determined relative to the 

estimated future ambient level (2028 No-Action Alternative trains plus all other sources of noise 

not related to trains).  

Table 22.  2028 Noise Impact Assessment with Project-Related Rail Traffic  
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N1, 602 California Way 171 76 66 76 66 75 79 2.5 0.3 2.1 SI 

N1s, 605 California Way 146 76 64 76 65 74 78 2.1 0.3 2.1 MI 

N2, 111 15th Avenue 212 74 57 74 58 70 75 1.5 0.5 2.3 MI 

N2s-a, 111 15th Avenue 189 73 56 73 57 69 74 1.4 0.6 2.4 MI 

N2s-b, 111 15th Avenue 212 71 56 71 56 68 73 1.6 1.0 2.6 MI 

N2s-c, 139 15th Avenue 313 76 65 76 66 74 78 2.0 0.3 2.1 MI 

N2s-d, 151 15th Avenue 416 73 65 72 65 73 76 2.9 0.6 2.4 SI 

N2s-e, 163 15th Avenue 522 73 65 72 65 73 76 2.9 0.6 2.4 SI 

N3, 221 Beech St at Alder 252 71 62 70 62 70 74 2.7 1.0 2.6 SI 

N3s-a, 221-227 Beech St 256 70 60 70 60 69 72 2.3 1.0 2.8 MI 

N3s-b, 221-227 Beech St 363 70 58 70 58 67 72 1.7 1.0 2.8 MI 

N3s-c, 255 Beech Street 458 71 48 71 50 59 71 0.3 1.0 2.6 NI 
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N4, 875 34th Avenue 1,838 71 49 71 50 59 71 0.3 1.0 2.6 NI 

N4s, 875 34th Avenue 1,838 68 48 68 49 58 68 0.4 1.2 3.1 NI 

N5, 3600 Memorial Park Dr 4,018 63 48 63 49 57 64 1.0 1.6 4.1 NI 

N5s, 3600 Memorial Park Dr 3,936 63 46 63 46 54 64 0.5 1.6 4.1 NI 

N6, 420 Rutherglen Dr 3,021 63 46 63 46 54 64 0.5 1.6 4.1 NI 

N6s, 420 Rutherglen Dr 3,071 66 38 66 39 47 66 0.1 1.3 3.4 NI 

N7, 4723 Mount Solo Road 5,459 66 38 66 39 47 66 0.1 1.3 3.4 NI 

N7s, 4723 Mt. Solo Road 5,459 62 45 62 46 53 63 0.6 1.7 4.4 NI 

N8, 1719 Dorothy Avenue 4,511 62 45 62 46 53 63 0.6 1.7 4.4 NI 

N8s, 1715 Dorothy Avenue 4,457 68 24 68 25 42 68 0.0 1.2 3.1 NI 

S1, 3128 Louisiana Street 5,443 68 24 68 25 42 68 0.0 1.2 3.1 NI 

S2, 3007 Hemlock Street 4,306 61 39 61 39 48 61 0.2 1.9 4.7 NI 

S3, 2642 Field Street 4,824 61 39 61 39 48 61 0.2 1.9 4.7 NI 

S4, 30th Avenue 2,595 71 38 71 38 47 71 0.0 1.0 2.6 NI 

S5, St Rose de Viterbo 4,426 71 40 71 40 49 71 0.0 1.0 2.6 NI 

S6, 540 23rd Road 3,207 68 40 68 40 49 68 0.1 1.2 3.1 NI 

S7, 645 15th Avenue 3,281 73 43 73 43 52 73 0.0 0.6 2.4 NI 

S8, 23rd Ave/Industrial Way 252 70 40 70 41 50 70 0.0 1.0 2.8 NI 

S9, 410 15th Avenue 1,669 55 43 55 43 52 57 1.8 3.1 7.1 NI 

S10, Alder Street 261 77 43 77 44 53 77 0.0 0.3 2.1 NI 

S11, 427 28th Avenue 1,970 67 50 67 51 60 68 0.9 1.2 3.2 NI 

S12, 3297 Ocean Bch Hwy 5,988 71 48 71 49 58 71 0.2 1.0 2.6 NI 

Notes:  
a Impact determinations of moderate or severe are established per Federal Transit Administration (2006) 

and Federal Railroad Administration (2012) guidelines 
Ldn = day-night equivalent; dBA = A-weighted decibel; NI = No Impact; MI = Moderate Impact; SI = Severe 
Impact 

Figure 16 indicates the properties that would be expected to have moderate to severe noise 

impacts from project-related rail traffic. The impacts would be the same with or without the 

track improvements because the train noise would be dominated by the locomotive horn 

sounding at the grade crossings. Increased noise from locomotive or car traffic alone (without 

horn sounding) would not result in noise impacts based on the FTA/FRA guidance. This applies 

for train speeds of 10 or 20 miles per hour.  
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Figure 16. Noise Impacts from Project-Related Rail Traffic  
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Table 23 summarizes the number of affected noise-sensitive receptors predicted near each 

grade crossing. Some of the properties that may be affected are multifamily residences. The 

number of single residential units that could be affected at each multifamily residence was 

estimated using online satellite and street photography.  

Table 23.  Indirect Noise Impacts from Project-Related Trains  

Grade Crossing 

Estimated Number of Receptors 

Moderate Impact Severe Impact 

3rd Avenue & California Way 34 mobile homes 10 mobile homes 

Oregon Way & Industrial Way 2 mobile homes 

133 single-family 

18 multifamilya 

34 single family 

5 multifamilyc 

Driveway near Douglas Street & Washington Way 4 single family 

2 multifamilyb 

0 

Total Properties 193 49 

Notes: 
a Estimated 52 individual residences affected 
b Estimated 4 individual residences affected 
c Estimated 16 individual residences affected 

Emit Noise and Vibration from Operations-Related Road Traffic 

A potential source of noise impacts related to operations would be automobile and truck traffic 

traveling to and from the project area, mainly on Industrial Way. As discussed in the NEPA 

Vehicle Transportation Technical Report (ICF International and DKS Associates 2016), the 

annual ADT on Industrial Way is projected be approximately 11,450 without the On-Site 

Alternative, and 12,100 with the On-Site Alternative, representing 5.7% increase in ADT for all 

vehicles. In general, changes in a noise level of less than 3 dBA are not typically noticed by the 

human ear. A doubling of traffic volume (i.e., a 100% increase) would be required to increase the 

Ldn from road traffic by 3 dBA at the noise sensitive receptors. The increase in vehicle traffic 

represents an increase of 5.6% in ADT for all vehicles on Industrial Way. This increase in 

vehicular traffic would not result in a material substantial change in noise levels. Therefore, no 

noise or vibration impact related to operations traffic would be anticipated. 

Emit Noise from Vessel Operations 

For ships moored at the project area docks, the noise associated with stationary vessels is 

estimated to be 29 dBA at the closest noise-sensitive receptors on Mt. Solo Road, approximately 

3,800 feet away. This accounts only for sound attenuation with distance from the source. The 

estimated project-related ship noise would be comparable to or less than ambient noise levels at 

this noise-sensitive receptor. Therefore, noise from river vessels associated with the On-Site 

Alternative would not cause a noise impact at noise-sensitive receptors. 

For vessels under way, ship traffic is expected to be 70 ships per month during full operation in 

2028. This corresponds to daily traffic of 4.66 ships per day. The noise-sensitive receptors on 

Barlow Point Road are all more than 400 feet from the edge of the Columbia River. Online 

satellite imagery indicates that a typical minimum distance between these receptors and vessels 

navigating the Columbia River would be about 1,600 feet. The corresponding Ldn, corrected to 



U.S. Army Corps of Engineers 

 

Impacts 
 

 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report 

3-13 
September 2016 

 

 

the 1,600-foot distance, would be 32 Ldn. Other receptors are at substantially greater distances. 

The estimated noise exposure from Proposed Action-Related ship traffic would be comparable 

or less than ambient noise levels at the noise sensitive receivers and would, therefore, not result 

in any noise impacts at the receivers. Table 24 summarizes the potential Ldn from Proposed 

Action 2028 vessel traffic at various perpendicular distances from the Columbia River 

navigational channel. The estimated noise exposure from Proposed Action-Related ship traffic 

would be comparable to or less than ambient noise levels at noise sensitive receivers and is 

unlikely to cause noise impacts along the Columbia River. 

Table 24.  Potential Noise Exposure Levels from Vessel Traffic at Various Perpendicular 
Distances from the Columbia River Navigational Channel 

Distance (feet) Ldn 

400 44 

600 40 

800 38 

1000 36 

1200 34 

1400 33 

1600 32 

With respect to foghorn noise, a foghorn was recorded from Barlow Road. It sounded for 

approximately 4 seconds every 2 minutes and achieved a maximum noise level of 60 dBA at its 

point of closest approach to the measurement location (approximately 1,800 feet). These noise 

levels represent the highest foghorn sound levels to which noise-sensitive receptors on Barlow 

Point Road are exposed. The levee that runs between the Columbia River and Barlow Point Road 

interrupts the line of sight between the receptors and vessels under way in the river, and 

therefore, serves to some extent as a sound barrier. The exception is the noise-sensitive receptor 

at 274 Barlow Point Road, which sits on top of the dike and has a clear view of the river. The 

next-closest receptors along Mt. Solo Road are at a distance of 4,000 feet or more from the 

middle of the river. Noise from foghorns is infrequent and is not expected to cause any noise 

impacts at the noise-sensitive receivers. 

3.2 Off-Site Alternative  
Potential impacts on noise and vibration from the Off-Site Alternative are described below. 

3.2.1 Construction: Direct Impacts 

Construction of the Off-Site Alternative would result in the following direct impacts. These impacts 

would occur during the construction period concluding in 2018. 

Exceed Noise Level Benchmark  

Washington State maximum permissible noise level regulations (WAC 173-60-040) do not apply 

to construction noise during daytime hours (between 7 a.m. and 10 p.m.). The maximum noise 

level at the closest noise-sensitive receptor (the residence at 104 Bradford Place) during 
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construction is predicted to be 83 dBA, which would occur during construction to extend the 

Reynolds Lead. While not a regulatory noise standard for construction noise, to provide context, 

this noise level would exceed FTA/FRA noise level criteria of 80 dBA for construction noise. 

Noise levels are not predicted to be exceeded for any other times during construction. Projected 

noise levels during construction are summarized in Appendix B, Construction Noise Impact 

Analysis, Table B-2. 

Emit Pile-Driving Vibration 

The distance between the pile-driving activities for the Off-Site Alternate to the closest receptor 

is greater than for the On-Site Alternate and no vibration impacts from pile driving are 

anticipated. Another potential source of vibration would be a vibratory roller, which could be 

used to construct the extension of the Reynolds Lead to the project area. The maximum 

predicted vibration levels at the closest vibration-sensitive receptor (the residence at 104 

Bradford Place) would be 67 VdB. While not a regulatory standard for vibration during 

construction, to provide context, this vibration level would not exceed FTA/FRA criteria for 

vibration from construction at residences (72 Vdb). Therefore, no construction vibration 

impacts at the closest vibration-sensitive receivers are expected with the Off-Site Alternative.  

3.2.2 Construction: Indirect Impacts 

Construction of the Off-Site Alternative would result in the following indirect impacts.  

Emit Noise from Construction-Related Road Traffic 

As described for the On-Site Alternative, the Off-Site Alternative would not result in indirect 

noise or vibration impacts related to construction road traffic. 

Emit Noise from Construction-Related Rail Traffic 

As described for the On-Site Alternative, the Off-Site Alternative would not result in indirect 

noise or vibration impacts related to construction rail traffic. 

3.2.3 Operations: Direct Impacts 

3.2.3.1 Noise 

Operation of the Off-Site Alternative would result in the following direct impacts. These impacts are 

estimated for full terminal operations in 2028. 

Exceed Washington Administrative Code Maximum Environmental Noise Level 

Figure 17 indicates the predicted noise contours (Leq of 50 dBA and 60 dBA) for operations at 

the Off-Site Alternative. The analysis indicates that operation of the Off-Site Alternative in 2028 

would exceed the Washington State noise standard at two residences (263 Barlow Point Road 

and 274 Barlow Point Road). As indicated in Figure 17, these residences are within the 50 dBA 

Leq contour, which is the applicable Washington State limit for nighttime noise levels in a 

residential area when the noise is from an industrial source. The predicted Leq at both residences 

is 53 dBA. 
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Figure 17.  Predicted Continuous Noise Level (Leq) Contours during Operations—Off-Site Alternative  
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3.2.3.2 Vibration 

No substantial sources of ground vibration would occur at the project area during operations and 

the closest vibration receptor is too far away to be affected by vibration from trains on the rail loop. 

Therefore, no vibration impacts associated with operations at the project area would be anticipated. 

3.2.4 Operations: Indirect Impacts 

Operation of the Off-Site Alternative would result in the following indirect impacts.  

Exceed FTA/FRA Guidelines for No Noise Impact  

This impact would be the same as described for the On-Site Alternative.  

Emit Noise and Vibration from Operations-Related Road Traffic 

This impact would be the same as described for the On-Site Alternative.  

Emit Noise from Vessel Operations 

For ships moored at the Off-Site Alternative docks, the noise associated with stationary vessels, 

is estimated to be 37 dBA at the nearest noise-sensitive receptor on Barlow Point Road, 1,600 

feet away. Near this location, the existing ambient noise levels are typically in the range of 40 to 

55 dBA (hourly Leq). The estimated project-related stationary ship noise would be comparable 

to existing ambient noise levels during the quietest hours at this noise-sensitive receptor, but 

the estimated noise levels due to ships are more than 10 decibels below the predicted noise 

levels from other operational noise sources for the Off-Site Alternative. As such, the stationary 

ship noise would not influence the predicted operational noise.  

As discussed for the On-Site Alternative, project-related vessels underway or foghorns are not 

expected to cause noise impacts on noise-sensitive receivers.  

3.3 No-Action Alternative 
The potential for changes in noise levels under the No-Action Alternative on the BNSF Spur and 

Reynolds Lead were analyzed for 2028. The analysis indicated that noise levels under the No-Action 

Alternative would be expected to be higher than under current conditions but would not result in 

additional noise impacts based on FTA/FRA criteria. There would also be no vibration impacts as 

the closest receptors are too far away to experience substantial vibration generated by the trains. 

Figures 18 through 21 are plots of the equal Ldn noise levels from rail traffic related to the No-Action 

Alternative in 2028. 
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Figure 18.  Noise Contours for No-Action Alternative 2028 Rail Traffic, BNSF Spur to Reynolds Lead, Including Train Horns 
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Figure 19.  Noise Contours for No-Action Alternative 2028 Rail Traffic, Beginning of Reynolds Lead, Including Train Horns 
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Figure 20.  Noise Contours for No-Action Alternative 2028 Rail Traffic, Mid-Reynolds Lead, Including Train Horns 
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Figure 21.  Noise Contours for No-Action Alternative 2028 Rail Traffic, End of Reynolds Lead, Including Train Horns 
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Table 25 lists the results of the noise impact assessment per the guidelines established by the 

FTA/FRA guidance at each ambient survey location. The table illustrates the net increase relative to 

the existing noise exposure based on the ambient noise study results.  

Table 25.  Noise Impact Assessment for No-Action Alternative, 2028 Rail Traffic 
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N1, 602 California Way 171 76 66 76 66 n/a 76 0.0 0.3 2.1 NI 

N1s, 605 California Way 146 76 64 76 65 n/a 76 0.0 0.3 2.1 NI 

N2, 111 15th Avenue 212 74 57 74 58 n/a 74 0.0 0.5 2.3 NI 

N2s-a, 111 15th Avenue 189 73 56 73 57 n/a 73 0.0 0.6 2.4 NI 

N2s-b, 111 15th Avenue 212 71 56 71 56 n/a 71 0.0 1.0 2.6 NI 

N2s-c, 139 15th Avenue 313 76 65 76 66 n/a 76 0.0 0.3 2.1 NI 

N2s-d, 151 15th Avenue 416 73 65 72 65 n/a 73 0.1 0.6 2.4 NI 

N2s-e, 163 15th Avenue 522 73 65 72 65 n/a 73 0.1 0.6 2.4 NI 

N3, 221 Beech St at Alder 252 71 62 70 62 n/a 71 0.1 1.0 2.6 NI 

N3s-a, 221-227 Beech St 256 70 60 70 60 n/a 70 0.0 1.0 2.8 NI 

N3s-b, 221-227 Beech St 363 70 58 70 58 n/a 70 0.0 1.0 2.8 NI 

N3s-c, 255 Beech Street 458 71 48 71 50 n/a 71 0.0 1.0 2.6 NI 

N4, 875 34th Avenue 1,838 71 49 71 50 n/a 71 0.0 1.0 2.6 NI 

N4s, 875 34th Avenue 1,838 68 48 68 49 n/a 68 0.0 1.2 3.1 NI 

N5, 3600 Memorial Park Dr 4,018 63 48 63 49 n/a 63 0.0 1.6 4.1 NI 

N5s, 3600 Memorial Park Dr 3,936 63 46 63 46 n/a 63 0.0 1.6 4.1 NI 

N6, 420 Rutherglen Dr 3,021 63 46 63 46 n/a 63 0.0 1.6 4.1 NI 

N6s, 420 Rutherglen Dr 3,071 66 38 66 39 n/a 66 0.0 1.3 3.4 NI 

N7, 4723 Mount Solo Road 5,459 66 38 66 39 n/a 66 0.0 1.3 3.4 NI 

N7s, 4723 Mt. Solo Road 5,459 62 45 62 46 n/a 62 0.0 1.7 4.4 NI 

N8, 1719 Dorothy Avenue 4,511 62 45 62 46 n/a 62 0.0 1.7 4.4 NI 

N8s, 1715 Dorothy Avenue 4,457 68 24 68 25 n/a 68 0.0 1.2 3.1 NI 

S1, 3128 Louisiana Street 5,443 68 24 68 25 n/a 68 0.0 1.2 3.1 NI 

S2, 3007 Hemlock Street 4,306 61 39 61 39 n/a 61 0.0 1.9 4.7 NI 

S3, 2642 Field Street 4,824 61 39 61 39 n/a 61 0.0 1.9 4.7 NI 

S4, 30th Avenue 2,595 71 38 71 38 n/a 71 0.0 1.0 2.6 NI 

S5, St Rose de Viterbo 4,426 71 40 71 40 n/a 71 0.0 1.0 2.6 NI 

S6, 540 23rd Road 3,207 68 40 68 40 n/a 68 0.0 1.2 3.1 NI 

S7, 645 15th Avenue 3,281 73 43 73 43 n/a 73 0.0 0.6 2.4 NI 

S8, 23rd Ave/Industrial Way 252 70 40 70 41 n/a 70 0.0 1.0 2.8 NI 
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S9, 410 15th Avenue 1,669 55 43 55 43 n/a 55 0.0 3.2 7.1 NI 

S10, Alder Street 261 77 43 77 44 n/a 77 0.0 0.3 2.0 NI 

S11, 427 28th Avenue 1,970 67 50 67 51 n/a 67 0.0 1.2 3.2 NI 

S12, 3297 Ocean Bch Hwy 5,988 71 48 71 49 n/a 71 0.0 1.0 2.6 NI 

Notes:  
a Impact determinations of moderate or severe are established per Federal Transit Administration (2006) and 

Federal Railroad Administration (2012) guidelines 
Ldn = day-night equivalent; dBA = A-weighted decibel; NI = No Impact; MI = Moderate Impact; SI = Severe Impact  
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Chapter 4 
Required Permits 

No permits specific to noise or vibration would be required for construction and operation of the 

On-Site Alternative or the Off-Site Alternative. 
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On-Site Alternative  
Figure A-1 through Figure A-8 provide plots of the hourly equivalent sound level (Leq) for each full 

day of measurements at eight long-term ambient survey locations (N1 through N8). Figure A-13 

through Figure A-64 provide plots of the hourly statistical sound pressure levels (SPL) for each 

24-hour period of measurement at all eight locations (N1 through N8). 

Off-Site Alternate  
Figure A-9 through Figure A-12 provide plots of the hourly Leq for each full day of measurements at 

four long-term ambient survey locations (Nalt1 through Nalt4). Figure A-65 through Figure A-80 

provide plots of the hourly statistical SPL levels for each 24-hour period of measurement at all eight 

locations (Nalt1 through Nalt4). 
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Figure A-1 Location N1, 602 California Way, Longview, WA, Hourly Leq 
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Figure A-2 Location N2, 111-15th Avenue, Longview, WA, Hourly Leq 

  



 

 

Existing Ambient Sound Pressure Level Survey Data 
 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report Appendix A 

A-4 
September 2016 

\ 

 

 

Figure A-3 Location N3, 221 Beech Street, Longview, WA, Hourly Leq 
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Figure A-4 Location N4, 875-34th Avenue, Longview, WA, Hourly Leq 
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Figure A-5 Location N5, 3600 Memorial Park Drive, Longview, WA, Hourly Leq 
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Figure A-6 Location N6, 420 Rutherglen Drive, Longview, WA, Hourly Leq 
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Figure A-7 Location N7, 4723 Mount Solo Road, Longview, WA, Hourly Leq 

 

  



 

 

Existing Ambient Sound Pressure Level Survey Data 
 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report Appendix A 

A-9 
September 2016 

\ 

 

 

Figure A-8 Location N8, 1719 Dorothy Avenue, Longview, WA, Hourly Leq 
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Figure A-9 Location Nalt1, 275 Barlow Point Rd, Longview, WA, Hourly Leq 
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Figure A-10 Location Nalt2, 149 Barlow Point Rd, Longview, WA, Hourly Leq 
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Figure A-11 Location Nalt3, Mt. Solo Rd & SR432, Longview, WA, Hourly Leq 
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Figure A-12 Location Nalt4, 1945 Schneiter Dr, Longview, WA, Hourly Leq 
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Figure A-13 Hourly Statistical Summary of Noise Levels on Oct 28, 2014 Location N1, 602 
California Way, Longview, WA 
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Figure A-14 Hourly Statistical Summary of Noise Levels on Oct 29, 2014 Location N1, 602 
California Way, Longview, WA 



 

 

Existing Ambient Sound Pressure Level Survey Data 
 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report Appendix A 

A-16 
September 2016 

\ 

 

 

Figure A-15 Hourly Statistical Summary of Noise Levels on Oct 30, 2014 Location N1, 602 
California Way, Longview, WA 
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Figure A-16 Hourly Statistical Summary of Noise Levels on Oct 31, 2014 Location N1, 602 
California Way, Longview, WA 
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Figure A-17 Hourly Statistical Summary of Noise Levels on Nov 1, 2014 Location N1, 602 
California Way, Longview, WA 
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Figure A-18 Hourly Statistical Summary of Noise Levels on Nov 2, 2014 Location N1, 602 
California Way, Longview, WA 
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Figure A-19 Hourly Statistical Summary of Noise Levels on Nov 4, 2014 Location N2, 111-15th 
Avenue, Longview, WA 
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Figure A-20 Hourly Statistical Summary of Noise Levels on Nov 5, 2014 Location N2, 111-15th 
Avenue, Longview, WA 
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Figure A-21 Hourly Statistical Summary of Noise Levels on Nov 6, 2014 Location N2, 111-15th 
Avenue, Longview, WA 
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Figure A-22 Hourly Statistical Summary of Noise Levels on Nov 7, 2014 Location N2, 111-15th 
Avenue, Longview, WA 
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Figure A-23 Hourly Statistical Summary of Noise Levels on Nov 8, 2014 Location N2, 111-15th 
Avenue, Longview, WA 
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Figure A-24 Hourly Statistical Summary of Noise Levels on Nov 9, 2014 Location N2, 111-15th 
Avenue, Longview, WA 
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Figure A-25 Hourly Statistical Summary of Noise Levels on Nov 10, 2014 Location N2, 111-15th 
Avenue, Longview, WA 
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Figure A-26 Hourly Statistical Summary of Noise Levels on Nov 4, 2014 Location N3, 221 Beech 
Street at Alder St., Longview, WA 
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Figure A-27 Hourly Statistical Summary of Noise Levels on Nov 5, 2014 Location N3, 221 Beech 
Street at Alder St., Longview, WA 
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Figure A-28 Hourly Statistical Summary of Noise Levels on Nov 6, 2014 Location N3, 221 Beech 
Street at Alder St., Longview, WA 
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Figure A-29 Hourly Statistical Summary of Noise Levels on Nov 7, 2014 Location N3, 221 Beech 
Street at Alder St., Longview, WA 
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Figure A-30 Hourly Statistical Summary of Noise Levels on Nov 8, 2014 Location N3, 221 Beech 
Street at Alder St., Longview, WA 
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Figure A-31 Hourly Statistical Summary of Noise Levels on Nov 9, 2014 Location N3, 221 Beech 
Street at Alder St., Longview, WA 
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Figure A-32 Hourly Statistical Summary of Noise Levels on Nov 10, 2014 Location N3, 221 Beech 
Street at Alder St., Longview, WA 
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Figure A-33 Hourly Statistical Summary of Noise Levels on Nov 4, 2014 Location N4, 875-34th 
Avenue, Longview, WA 
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Figure A-34 Hourly Statistical Summary of Noise Levels on Nov 5, 2014 Location N4, 875-34th 
Avenue, Longview, WA 
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Figure A-35 Hourly Statistical Summary of Noise Levels on Nov 6, 2014 Location N4, 875-34th 
Avenue, Longview, WA 
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Figure A-36 Hourly Statistical Summary of Noise Levels on Nov 7, 2014 Location N4, 875-34th 
Avenue, Longview, WA 
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Figure A-37 Hourly Statistical Summary of Noise Levels on Nov 8, 2014  Location N4, 875-34th 
Avenue, Longview, WA 
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Figure A-38 Hourly Statistical Summary of Noise Levels on Nov 9, 2014  Location N4, 875-34th 
Avenue, Longview, WA 
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Figure A-39 Hourly Statistical Summary of Noise Levels on Nov 10, 2014  Location N4, 875-34th 
Avenue, Longview, WA 
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Figure A-40 Hourly Statistical Summary of Noise Levels on Oct 28, 2014 Location N5, 3600 
Memorial Park Drive, Longview, WA 



 

 

Existing Ambient Sound Pressure Level Survey Data 
 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report Appendix A 

A-42 
September 2016 

\ 

 

 

Figure A-41 Hourly Statistical Summary of Noise Levels on Oct 29, 2014 Location N5, 3600 
Memorial Park Drive, Longview, WA 
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Figure A-42 Hourly Statistical Summary of Noise Levels on Oct 30, 2014 Location N5, 3600 
Memorial Park Drive, Longview, WA 



 

 

Existing Ambient Sound Pressure Level Survey Data 
 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report Appendix A 

A-44 
September 2016 

\ 

 

 

Figure A-43 Hourly Statistical Summary of Noise Levels on Oct 31, 2014 Location N5, 3600 
Memorial Park Drive, Longview, WA 
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Figure A-44 Hourly Statistical Summary of Noise Levels on Nov 1, 2014 Location N5, 3600 
Memorial Park Drive, Longview, WA 
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Figure A-45 Hourly Statistical Summary of Noise Levels on Nov 2, 2014 Location N5, 3600 
Memorial Park Drive, Longview, WA 
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Figure A-46 Hourly Statistical Summary of Noise Levels on Oct 28, 2014 Location N6, 420 
Rutherglen Drive, Longview, WA 
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Figure A-47 Hourly Statistical Summary of Noise Levels on Oct 29, 2014 Location N6, 420 
Rutherglen Drive, Longview, WA 
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Figure A-48 Hourly Statistical Summary of Noise Levels on Oct 30, 2014 Location N6, 420 
Rutherglen Drive, Longview, WA 
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Figure A-49 Hourly Statistical Summary of Noise Levels on Oct 31, 2014 Location N6, 420 
Rutherglen Drive, Longview, WA 
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Figure A-50 Hourly Statistical Summary of Noise Levels on Nov 1, 2014 Location N6, 420 
Rutherglen Drive, Longview, WA 
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Figure A-51 Hourly Statistical Summary of Noise Levels on Nov 2, 2014 Location N6, 420 
Rutherglen Drive, Longview, WA 
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Figure A-52 Hourly Statistical Summary of Noise Levels on Oct 28, 2014 Location N7, 4723 Mount 
Solo Road, Longview, WA 
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Figure A-53 Hourly Statistical Summary of Noise Levels on Oct 29, 2014 Location N7, 4723 Mount 
Solo Road, Longview, WA 
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Figure A-54 Hourly Statistical Summary of Noise Levels on Oct 30, 2014 Location N7, 4723 Mount 
Solo Road, Longview, WA 
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Figure A-55 Hourly Statistical Summary of Noise Levels on Oct 31, 2014 Location N7, 4723 Mount 
Solo Road, Longview, WA 
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Figure A-56 Hourly Statistical Summary of Noise Levels on Nov 1, 2014 Location N7, 4723 Mount 
Solo Road, Longview, WA 
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Figure A-57 Hourly Statistical Summary of Noise Levels on Nov 2, 2014 Location N7, 4723 Mount 
Solo Road, Longview, WA 
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Figure A-58 Hourly Statistical Summary of Noise Levels on Nov 4, 2014 Location N8, 1719 
Dorothy Avenue, Longview, WA 
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Figure A-59 Hourly Statistical Summary of Noise Levels on Nov 5, 2014 Location N8, 1719 
Dorothy Avenue, Longview, WA 
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Figure A-60 Hourly Statistical Summary of Noise Levels on Nov 6, 2014 Location N8, 1719 
Dorothy Avenue, Longview, WA 
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Figure A-61 Hourly Statistical Summary of Noise Levels on Nov 7, 2014 Location N8, 1719 
Dorothy Avenue, Longview, WA 
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Figure A-62 Hourly Statistical Summary of Noise Levels on Nov 8, 2014 Location N8, 1719 
Dorothy Avenue, Longview, WA 
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Figure A-63 Hourly Statistical Summary of Noise Levels on Nov 9, 2014 Location N8, 1719 
Dorothy Avenue, Longview, WA 
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Figure A-64 Hourly Statistical Summary of Noise Levels on Nov 10, 2014 Location N8, 1719 
Dorothy Avenue, Longview, WA 

 



 

 

Existing Ambient Sound Pressure Level Survey Data 
 

Millennium Bulk Terminals—Longview 
NEPA Noise and Vibration Technical Report Appendix A 

A-66 
September 2016 

\ 

 

 

Figure A-65 Hourly Statistical Summary of Noise Levels on Jan 12, 2015 Location Nalt1, 275 
Barlow Point Road, Longview, WA 
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Figure A-66 Hourly Statistical Summary of Noise Levels on Jan 13, 2015Location Nalt1, 275 
Barlow Point Road, Longview, WA 
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Figure A-67 Hourly Statistical Summary of Noise Levels on Jan 14, 2015Location Nalt1, 275 
Barlow Point Road, Longview, WA 
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Figure A-68 Hourly Statistical Summary of Noise Levels on Jan 15, 2015Location Nalt1, 275 
Barlow Point Road, Longview, WA 
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Figure A-69 Hourly Statistical Summary of Noise Levels on Jan 12, 2015 Location Nalt2, 149 
Barlow Point Rd, Longview, WA 
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Figure A-70 Hourly Statistical Summary of Noise Levels on Jan 13, 2015 Location Nalt2, 149 
Barlow Point Rd, Longview, WA 
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Figure A-71 Hourly Statistical Summary of Noise Levels on Jan 14, 2015 Location Nalt2, 149 
Barlow Point Rd, Longview, WA 
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Figure A-72 Hourly Statistical Summary of Noise Levels on Jan 15, 2015 Location Nalt2, 149 
Barlow Point Rd, Longview, WA 
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Figure A-73 Hourly Statistical Summary of Noise Levels on Jan 12, 2015 Location Nalt3, Mt Solo 
Rd & SR432, Longview, WA 
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Figure A-74 Hourly Statistical Summary of Noise Levels on Jan 13, 2015 Location Nalt3, Mt Solo 
Rd & SR432, Longview, WA 
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Figure A-75 Hourly Statistical Summary of Noise Levels on Jan 14, 2015 Location Nalt3, Mt Solo 
Rd & SR432, Longview, WA 
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Figure A-76 Hourly Statistical Summary of Noise Levels on Jan 15, 2015 Location Nalt3, Mt Solo 
Rd & SR432, Longview, WA 
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Figure A-77 Hourly Statistical Summary of Noise Levels on Jan 12, 2015 Location Nalt4, 1945 
Schneiter Dr, Longview, WA 
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Figure A-78 Hourly Statistical Summary of Noise Levels on Jan 13, 2015 Location Nalt4, 1945 
Schneiter Dr, Longview, WA 
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Figure A-79 Hourly Statistical Summary of Noise Levels on Jan 14, 2015 Location Nalt4, 1945 
Schneiter Dr, Longview, WA 
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Figure A-80 Hourly Statistical Summary of Noise Levels on Jan 15, 2015 Location Nalt4, 1945 
Schneiter Dr, Longview, WA 
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Table B-1 lists the predicted noise levels at noise-sensitive receivers in the study area during 

construction of the On-Site Alternative. Table B-2 lists the predicted noise levels at noise-sensitive 

receivers in the study area during construction of the Off-Site Alternative. 

Table B-1.  Predicted Construction Noise—On-Site Alternative 

Address Land Use 

Construction 
Leq, 8 hour 
(dBA) 

Pile Driver 
Lmax (dBA) 

Construction + 
Pile Driver 
Lmax (dBA) 

104 Bradford Pl Man. Home 79 80 83 

114 Bradford Pl SFR 72 76 78 

4720 Mt. Solo Rd SFR 63 67 68 

4723 Mt. Solo Rd Man. Home 62 66 68 

4724 Solo Meadows Ln SFR 62 66 67 

4726 Mt. Solo Rd Man. Home 62 66 68 

4744 Mt. Solo Rd SFR 61 65 66 

4820 Mt. Solo Rd SFR 60 64 66 

4828a Mt. Solo Rd SFR 60 64 65 

4828b Mt. Solo Rd SFR 60 63 65 

4824 Mt. Solo Rd SFR 60 64 65 

115 Pioneer Mt Solo Cemetery Rd SFR 59 63 65 

120 Pioneer Mt Solo Cemetery Rd SFR 58 62 64 

Mt. Solo Cemetery cemetery 59 63 64 

130 Pioneer Mt. Solo Cemetery Rd SFR 58 62 64 

5006 Mt Solo Rd SFR 58 62 63 

5008 Mt Solo Rd Man. Home 58 62 63 

5005 Mt Solo Rd SFR 58 61 63 

5041 Mt Solo Rd SFR 57 61 62 

137 Ridgecrest Dr SFR 58 62 63 

141 Ridgecrest Dr Man. Home 58 61 63 

142 Ridgecrest Dr SFR 58 62 63 

149 Ridgecrest Dr Man. Home 57 60 62 

150 Ridgecrest Dr Man. Home 57 61 63 

160 Ridgecrest Dr Man. Home 57 60 62 

129 Ridgecrest Dr Man. Home 59 63 64 

103 Ridgecrest Ln Man. Home 59 63 64 

107 Ridgecrest Ln Man. Home 58 62 64 

111 Ridgecrest Ln Man. Home 58 62 63 

115 Ridgecrest Ln SFR 59 62 64 

127 Ridgecrest Ln SFR 60 63 65 

134 Ridgecrest Ln SFR 60 64 65 

120 Ridgecrest Ln Man. Home 60 64 65 

108 Ridgecrest Ln Man. Home 60 64 65 

106 Ridgecrest Ln Man. Home 60 63 65 
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Address Land Use 

Construction 
Leq, 8 hour 
(dBA) 

Pile Driver 
Lmax (dBA) 

Construction + 
Pile Driver 
Lmax (dBA) 

116 Ridgecrest Dr Man. Home 60 64 66 

104 Ridgecrest Dr Man. Home 62 66 68 

124 Solo Meadows Ln Man. Home 60 64 65 

114 Solo Meadows Ln Man. Home 61 65 67 

110 Solo Meadows Ln Man. Home 62 66 67 

106 Solo Meadows Ln SFR 62 66 68 

101 Solo View Dr Man. Home 63 67 68 

107 Southcrest Ln SFR 61 65 67 

115 Southcrest Ln SFR 60 64 65 

125 Pionte Rd SFR 60 63 65 

108 Southcrest Ln SFR 61 65 67 

123 Solo View Dr Man. Home 62 66 67 

127 Solo View Dr Man. Home 63 67 68 

120 Bridgeview Ln SFR 65 68 70 

115 Bridgeview Ln SFR 63 67 68 

129 Solo View Dr SFR 63 66 68 

131 Solo View Dr Man. Home 62 66 67 

151 Solo View Dr SFR 62 65 67 

164 Rutherglen Dr Man. Home 61 64 66 

232 Rutherglen Dr SFR 60 64 66 

222 Rutherglen Dr SFR 60 64 65 

Evergreen St & 46th Ave SFRs 58 61 63 

44th Ave SFRs 58 61 63 

42nd Ave SFRs 58 61 63 

Alter St SFRs 58 61 63 

Olive Way SFRs 58 61 63 

2133 38th Ave SFR 58 61 63 

2137 38th Ave SFR 58 61 63 

38th Ave SFRs 58 61 63 

2185 38th Ave MFR 57 61 62 

36th Ave SFRs 57 61 62 

Shelly Pl SFRs 58 62 63 

Olive Ct SFRs 57 60 62 

Longview Memorial Park cemetery 57 61 62 

2017a 48th Ave SFR 56 60 61 

2017b 48th Ave SFR 56 59 61 

2018 48th Ave Man. Home 56 60 61 

Charles St SFRs 56 60 61 
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Address Land Use 

Construction 
Leq, 8 hour 
(dBA) 

Pile Driver 
Lmax (dBA) 

Construction + 
Pile Driver 
Lmax (dBA) 

Julie Pl SFRs 56 60 62 

Zirkel Ct SFRs 57 60 62 

Notes: 
dBA = A-weighted decibel; SFRs = single-family residences, MFRs = multifamily residences 

 

Table B-2.  Off-Site Alternate Predicted Construction Noise 

Address Land Use 

Construction 
Leq, 8 hour 
(dBA) 

Pile 
Driver 

Lmax 
(dBA) 

Construction 
+ Pile Driver 

Lmax (dBA) 

274 Barlow Point Rd SFR 73 75 77 

263 Barlow Point Rd SFR 74 74 77 

221 Barlow Point Rd SFR 67 69 71 

193a Barlow Point Rd Man. Home 64 67 68 

193b Barlow Point Rd Man. Home 64 66 68 

191a Barlow Point Rd Man. Home 63 66 68 

191b Barlow Point Rd SFR 63 66 68 

151 Barlow Point Rd Man. Home 61 64 66 

149 Barlow Point Rd SFR 60 63 65 

5558 Willow Grove Rd Fisher Island RV park 59 61 63 

5401 Willow Grove Rd SFR 59 62 64 

5343 Willow Grove Rd SFR 59 63 64 

5340 Willow Grove Rd SFR 58 61 63 

Schneiter Dr/Island Dr SFRs 59 63 65 

5200 Willow Grove Rd SFR 60 64 66 

Willow Point Loop SFRs 60 63 65 

5431 Mt Solo Rd SFR 58 62 63 

5503 Mt Solo Rd SFR 57 61 62 

5502 Mt Solo Rd SFR 57 61 62 

5506 Mt Solo Rd Man. Home 57 61 62 

5507 Mt Solo Rd SFR 57 60 62 

5508 Mt Solo Rd SFR 57 60 62 

5512 Mt Solo Rd Man. Home 57 60 62 

5416 Mt Solo Rd school 58 62 63 

Snooks Trailer Park Man. Homes 57 61 63 

Longview Memorial Park cemetery 62 66 68 

5041 Mt Solo Rd SFR 63 67 68 

5005 Mt Solo Rd SFR 63 67 68 

5008 Mt Solo Rd Man. Home 62 65 67 

5006 Mt Solo Rd SFR 63 66 68 

130 Pioneer Mt Solo Cemetery Rd Man. Home 62 65 67 
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Address Land Use 

Construction 
Leq, 8 hour 
(dBA) 

Pile 
Driver 

Lmax 
(dBA) 

Construction 
+ Pile Driver 

Lmax (dBA) 

120 Pioneer Mt Solo Cemetery Rd SFR 63 66 68 

Mt Solo Cemetery cemetery 62 65 67 

115 Pioneer Mt Solo Cemetery Rd SFR 61 65 66 

4828a Mt Solo Rd SFR 63 65 67 

4828b Mt Solo Rd SFR 62 65 67 

4824 Mt Solo Rd SFR 62 64 66 

4820 Mt Solo Rd SFR 63 65 67 

4744 Mt Solo Rd SFR 62 64 66 

4726 Mt Solo Rd Man. Home 64 64 67 

4724 Solo Meadows Ln SFR 63 64 66 

4723 Mt Solo Rd Man. Home 65 66 69 

2017a 48th Ave SFR 56 59 61 

2017b 48th Ave SFR 56 59 61 

2018 48th Ave Man. Home 56 59 61 

Charles St SFRs 56 58 60 

Julie Pl SFRs 56 58 60 

104 Bradford Pl Man. Home 83 62 83 

114 Bradford Pl SFR 74 62 74 

4720 Mt Solo Rd SFR 64 64 67 

137 Ridgecrest Dr SFR 59 63 64 

141 Ridgecrest Dr Man. Home 59 62 64 

142 Ridgecrest Dr SFR 59 62 64 

149 Ridgecrest Dr Man. Home 58 61 63 

150 Ridgecrest Dr Man. Home 58 61 63 

160 Ridgecrest Dr Man. Home 58 61 62 

129 Ridgecrest Dr Man. Home 60 62 64 

103 Ridgecrest Ln Man. Home 59 61 63 

107 Ridgecrest Ln Man. Home 59 60 63 

111 Ridgecrest Ln Man. Home 58 60 62 

115 Ridgecrest Ln SFR 59 60 62 

127 Ridgecrest Ln SFR 59 60 62 

134 Ridgecrest Ln SFR 60 60 63 

120 Ridgecrest Ln Man. Home 60 60 63 

108 Ridgecrest Ln Man. Home 60 60 63 

106 Ridgecrest Ln Man. Home 60 61 63 

116 Ridgecrest Dr Man. Home 60 60 63 

104 Ridgecrest Dr Man. Home 62 60 64 

124 Solo Meadows Ln Man. Home 61 63 65 

114 Solo Meadows Ln Man. Home 62 63 66 

110 Solo Meadows Ln Man. Home 62 63 65 
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Address Land Use 

Construction 
Leq, 8 hour 
(dBA) 

Pile 
Driver 

Lmax 
(dBA) 

Construction 
+ Pile Driver 

Lmax (dBA) 

106 Solo Meadows Ln SFR 63 63 66 

101 Solo View Dr Man. Home 63 63 66 

107 Southcrest Ln SFR 61 60 63 

115 Southcrest Ln SFR 59 59 62 

125 Pionte Rd SFR 59 59 62 

108 Southcrest Ln SFR 61 60 63 

123 Solo View Dr Man. Home 62 59 64 

127 Solo View Dr Man. Home 62 59 64 

120 Bridgeview Ln SFR 65 59 66 

115 Bridgeview Ln SFR 63 58 64 

129 Solo View Dr SFR 62 59 64 

131 Solo View Dr Man. Home 61 59 63 

151 Solo View Dr SFR 61 58 63 

164 Rutherglen Dr Man. Home 59 56 61 

232 Rutherglen Dr SFR 59 56 61 

222 Rutherglen Dr SFR 59 56 61 

Evergreen St & 46th Ave SFRs 57 58 61 

44th Ave SFRs 57 57 60 

42nd Ave SFRs 57 56 60 

Alter St SFRs 57 56 59 

Olive Way SFRs 57 56 59 

2133 38th Ave SFR 57 55 59 

2137 38th Ave SFR 56 55 59 

38th Ave SFRs 56 55 59 

2185 38th Ave MFR 56 55 58 

36th Ave SFRs 55 54 58 

Shelly Pl SFRs 56 54 58 

Olive Ct SFRs 55 54 57 

Zirkel Ct SFRs 56 57 60 

35th Ave SFRs 54 54 57 

Horizon Ct SFRs 57 60 62 

5556 Mt Solo Rd SFR 56 60 61 

2023 48th Ave SFRs 56 58 60 

Notes: 
dBA = A-weighted decibel; Man. Home = manufactured home; SFRs = single-family residences, MFRs = multifamily 
residences 
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Chapter 1 
Introduction 

This technical report assesses the potential air quality impacts of the proposed Millennium Bulk 

Terminals—Longview project (On-Site Alternative), Off-Site Alternative, and No-Action Alternative. 

This report describes the regulatory setting, establishes the method for assessing potential air 

quality impacts, presents the historical and current air quality conditions in the study area, and 

assesses potential impacts.  

1.1 Project Description 
Millennium Bulk Terminals—Longview, LLC (Applicant) proposes to construct and operate an 

export terminal in Cowlitz County, Washington, along the Columbia River (Figure 1). The export 

terminal would receive coal from the Powder River Basin in Montana and Wyoming and the Uinta 

Basin in Utah and Colorado via rail shipment, then load and transport the coal by ocean-going ships 

via the Columbia River and Pacific Ocean to overseas markets in Asia. The export terminal would be 

capable of receiving, stockpiling, blending, and loading coal by conveyor onto ships for export. 

Construction of the export terminal would begin in 2018. For the purpose of this analysis, it is 

assumed the export terminal would operate at full capacity by 2028. The following subsections 

present a summary of the On-Site Alternative, Off-Site Alternative, and No-Action Alternative. 

1.1.1 On-Site Alternative  

Under the On-Site Alternative, the Applicant would develop an export terminal on 190 acres (project 

area). The project area is located within an existing 540-acre area currently leased by the Applicant 

at the former Reynolds Metals Company facility (Reynolds facility), and land currently owned by 

Bonneville Power Administration. The project area is adjacent to the Columbia River in 

unincorporated Cowlitz County, Washington near Longview city limits (Figure 2).  

The Applicant currently and separately operates at the Reynolds facility, and would continue to 

separately operate a bulk product terminal on land leased by the Applicant. Industrial Way (State 

Route 432) provides vehicular access to the Applicant’s leased land. The Reynolds Lead and the 

BNSF Spur rail lines, both operated by Longview Switching Company (LVSW),1 provide rail access to 

the Applicant’s leased area from the BNSF Railway Company (BNSF) main line (Longview Junction) 

located to the east in Kelso, Washington. Ships access the Applicant’s leased area including the bulk 

product terminal via the Columbia River and berth at an existing dock (Dock 1) operated by the 

Applicant in the Columbia River. 

                                                      
1 LVSW is jointly owned by BNSF Railway Company (BNSF) and Union Pacific Railroad (UP). 
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Figure 1. Project Vicinity  
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Figure 2. On-Site Alternative  
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Under the On-Site Alternative, BNSF or Union Pacific Railroad (UP) trains would transport coal in 

rail cars from the BNSF main line at Longview Junction to the project area via the BNSF Spur and 

Reynolds Lead. Coal would be unloaded from rail cars, stockpiled and blended, and loaded by 

conveyor onto ocean-going ships at two new docks (Docks 2 and 3) on the Columbia River for export 

to Asia. 

Once construction is complete, the export terminal would have an annual throughput capacity of up 

to 44 million metric tons of coal. 2 The export terminal would consist of one operating rail track, 

eight rail tracks for the storage of rail cars, rail car unloading facilities, stockpile areas for coal 

storage, conveyor and reclaiming facilities, two new docks in the Columbia River (Docks 2 and 3), 

and ship-loading facilities on the two docks. Dredging of the Columbia River would be required to 

provide access to and from the Columbia River navigation channel and for berthing at the two new 

docks.  

Vehicles would access the project area from Industrial Way (State Route 432). Ships would access 

the project area via the Columbia River and berth at one of the two new docks. Trains would access 

the export terminal via the BNSF Spur and the Reynolds Lead. Terminal operations would occur 24 

hours per day, 7 days per week. The export terminal would be designed for a minimum 30-year 

period of operation. 

1.1.2 Off-Site Alternative  

Under the Off-Site Alternative, the export terminal would be developed on an approximately 220-

acre site adjacent to the Columbia River, located in both Longview, Washington, and unincorporated 

Cowlitz County, Washington, in an area commonly referred to as Barlow Point (Figure 3). The 

project area for the Off-Site Alternative is west and downstream of the project area for the On-Site 

Alternative. Most of the project area for the Off-Site Alternative is located within Longview city 

limits and owned by the Port of Longview. The remainder of the project area is within 

unincorporated Cowlitz County and privately owned. 

Under the Off-Site Alternative, BNSF or UP trains would transport coal from the BNSF main line at 

Longview Junction over the BNSF Spur and the Reynolds Lead, which would be extended 

approximately 2,500 feet to the west. Coal would be unloaded from rail cars, stockpiled and blended, 

and loaded by conveyor onto ocean-going ships at two new docks (Docks A and B) on the Columbia 

River. The Off-Site Alternative would serve the same purpose as the On-Site Alternative.  

Once construction is complete, the Off-Site Alternative would have an annual throughput capacity of 

up to 44 million metric tons of coal. The export terminal would consist of the same elements as the 

On-Site Alternative: one operating rail track, eight rail tracks for the storage of rail cars, rail car 

unloading facilities, stockpile areas for coal storage, conveyor and reclaiming facilities, two new 

docks in the Columbia River (Docks A and B), and ship-loading facilities on the two docks. Dredging 

of the Columbia River would be required to provide access to and from the Columbia River 

navigation channel and for berthing at the two new docks.  

 

                                                      
2 A metric ton is the U.S. equivalent to a tonne per the International System of Units, or 1,000 kilograms or 
approximately 2,204.6 pounds. 
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Figure 3. Off-Site Alternative 
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Vehicles would access the project area via a new access road extending from Mount Solo Road (State 

Route 432) to the project area. Trains would access the terminal via the BNSF Spur and the extended 

Reynolds Lead. Ships would access the project area via the Columbia River and berth at one of the 

two new docks. Terminal operations would occur 24 hours per day, 7 days per week. The export 

terminal would be designed for a minimum 30-year period of operation. 

1.1.3 No-Action Alternative 

Under the No-Action Alternative, the U.S. Army Corps of Engineers would not issue the requested 

Department of the Army permit under the Clean Water Act Section 404 and the Rivers and Harbors 

Act Section 10. This permit is necessary to allow the Applicant to construct and operate the 

proposed export terminal.  

The Applicant plans to continue operating its existing bulk product terminal located adjacent to the 

On-Site Alternative project area, as well as expand this business whether or not a Department of the 

Army permit is issued. Ongoing operations would include storing and transporting alumina and 

small quantities of coal, and continued use of Dock 1. Maintenance of the existing bulk product 

terminal would continue, including maintenance dredging at the existing dock every 2 to 3 years. 

Under the terms of an existing lease, expanded operations could include increased storage and 

upland transfer of bulk products utilizing new and existing buildings. The Applicant would likely 

undertake demolition, construction, and other related activities to develop expanded bulk product 

terminal facilities.  

In addition to the current and planned activities, if the requested permit is not issued, the Applicant 

would intend to expand its bulk product terminal business onto areas that would have been subject 

to construction and operation of the proposed export terminal. In 2014, the Applicant described a 

future expansion scenario under No-Action Alternative that would involve handling bulk materials 

already permitted for off-loading at Dock 1. Additional bulk product transfer activities could involve 

products such as a calcine pet coke, coal tar pitch, cement, fly ash, and sand or gravel. While future 

expansion of the Applicant’s bulk product terminal business might not be limited to this scenario, it 

was analyzed to help provide context to a No-Action Alternative evaluation and because it is a 

reasonably foreseeable consequence of a Department of the Army denial.                     

1.2 Regulatory Setting 
Different jurisdictions are responsible for the regulation of air quality. These jurisdictions and their 

regulations, statutes, and guidance that apply to air quality are summarized in Table 1. 

Table 1. Regulations, Statutes, and Guidance for Air Quality 

Regulation, Statute, Guideline Description 

Federal 

National Environmental Policy Act 
(42 USC 4321 et seq.)  

Requires the consideration of potential environmental 
effects. NEPA implementation procedures are set forth in 
the President’s Council on Environmental Quality’s 
Regulations for Implementing NEPA (49 CFR 1105). 
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Regulation, Statute, Guideline Description 

U.S. Army Corps of Engineers NEPA 
Environmental Regulations (33 CFR 230) 

Provides guidance for implementing the procedural 
provisions of NEPA for the Corps. It supplements CEQ 
regulations 40 CFR 1500‒1508.  

Clean Air Act and Amendments As amended in 1970, 1977, and 1990, requires the U.S. 
Environmental Protection Agency to develop and enforce 
regulations to protect the public from air pollutants and 
their health impacts. 

National Ambient Air Quality Standards 
(U.S. Environmental Protection Agency) 

Specifies the maximum acceptable ambient 
concentrations for seven criteria air pollutants: CO, lead, 
NO2, O3, PM10 and PM2.5, and SO2. Primary NAAQS set 
limits to protect public health, and secondary NAAQS set 
limits to protect public welfare. Geographic areas where 
concentrations of a given criteria pollutant exceed 
NAAQS are classified as nonattainment areas for that 
pollutant.  

State 

Washington State Environmental Policy 
Act (WAC 197-11, RCW 43.21C) 

Requires state and local agencies in Washington to 
identify potential environmental impacts that could 
result from governmental decisions. 

Washington State General Regulations For 
Air Pollution Sources (WAC 173-400) and 
Washington State Clean Air Act  
(RCW 70.94) 
 

Establishes the rules and procedures to control or 
prevent the emissions of air pollutants. Provides the 
regulatory authority to control emissions from stationary 
sources, reporting requirements, emissions standards, 
permitting programs, and the control of air toxic 
emissions.  

Washington State Operating Permit 
Regulation (WAC 173-401) 

Establishes the elements for the state air operating 
permit program. 

Washington State Controls for New 
Sources of Toxic Air Pollutants  
(WAC 173-460) 

Establishes the systematic control of new or modified 
sources emitting toxic air pollution to prevent air 
pollution, reduce emissions, and maintain air quality that 
will protect human health and safety. 

Washington State Ambient Air Quality 
Standards (WAC 173-476) 

Establishes maximum acceptable levels in the ambient 
air for particulate matter, lead, SO2, NO2, O3, and CO. 

Local 

Cowlitz County SEPA Regulations  
(CCC Code 19.11) 

Provide for the implementation of SEPA in Cowlitz 
County. 

Southwest Clean Air Agency (SWCAA 400) General regulations for regulating stationary sources of 
air pollution within Clark, Cowlitz, Lewis, Skamania, and 
Wahkiakum counties of Washington.  

Notes: 
USC = United States Code; NEPA = National Environmental Policy Act; CFR = Code of Federal Regulations;  
CO = carbon monoxide; NO2 = nitrogen oxides; O3 = ozone; PM2.5 = particulate matter less than or equal to 2.5 
micrometers in size; PM10 = particulate matter less than or equal to 10 micrometers in size; SO2 = sulfur dioxide; 
NAAQS = National Ambient Air Quality Standards; WAC = Washington Administrative Code; RCW = Revised Code 
of Washington; SWCAA = Southwest Clean Air Agency 

The federal Clean Air Act and the Clean Air Act Amendments form the basis for a broad range of 

regulations that control allowable emissions and ambient concentrations of air pollutants in the 

environment. The National Ambient Air Quality Standards (NAAQS) were established by the U.S. 

Environmental Protection Agency (EPA) under authority of the Clean Air Act to protect the public 

from air pollution. Air pollutants for which there are NAAQS are called criteria pollutants. 

Geographic areas where concentrations of a given criteria pollutant exceed an ambient air quality 

standard are classified as nonattainment areas for that pollutant. 
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Under the federal Clean Air Act, the states are authorized to administer these programs and monitor 

air quality in different areas to determine if those areas are meeting the NAAQS.  

Under RCW 70.94, local counties can choose to form a county authority or join a multi-county 

authority. Cowlitz County is part of the multi-county air pollution control authority. The Southwest 

Clean Air Agency (SWCAA) maintains compliance with the NAAQS for most stationary source types 

of air pollutants via an air permitting programs (Revised Code of Washington [RCW] 70.94.053 and 

70.94.057 and SWCAA 400-020). This authority includes the regulation of fugitive dust sources 

(SWCAA-400-040) as well as vented emissions. 

Other federal air quality regulatory programs for major stationary sources include Prevention of 

Significant Deterioration, National Emission Standards for Hazardous Air Pollutants (NESHAPS), 

Title V Air Permitting Program, and New Source Performance Standards (NSPS). None of these 

programs is expected to apply to the On-Site Alternative or Off-Site Alternative because stationary 

source emissions are well below major source thresholds, and because current NESHAPS and NSPS 

standards do not apply to the proposed facility type. The state also has rules for toxic air pollutants 

(TAPs) that are applicable to stationary sources. These rules were established to provide systematic 

control of TAP emissions (which include both carcinogens and noncarcinogens) in order to protect 

human health and safety.  

EPA first began regulating on-road mobile sources in 1970 as part of the Clean Air Act. EPA was 

given the added regulatory authority under Section 213 in the 1990 Clean Air Act Amendments to 

control emissions from nonroad engines (e.g., construction equipment, locomotives, and vessels). An 

extensive number of exhaust emissions standards and regulations have been issued by EPA since 

1990 on all classes of nonroad engines including construction equipment, locomotives, vessels, off-

road vehicles, and lawn and garden equipment. Regulations that are relevant to the On-Site 

Alternative or Off-Site Alternative include locomotive emission standards for new and rebuilt 

locomotive engines and the North America Emission Control Area for marine vessels limiting the 

sulfur content in fuel oil. No provisions have been made to allow states (other than California) or 

local authorities to impose additional regulations on these source categories.  

1.2.1 Current NAAQS and Washington State Ambient Air 
Quality Standards 

Table 2 lists the federal ambient air quality standards for six criteria air pollutants and total 

suspended particulates. Annual standards are never to be exceeded. Short-term standards are not to 

be exceeded more than once per year, unless noted. The NAAQS consist of primary standards and 

secondary standards. Primary standards are designed to protect public health, including protecting 

the health of sensitive populations such as asthmatics, children, and the elderly. Secondary 

standards are designed to protect public welfare from effects such as visibility reduction, soiling, 

and nuisance (e.g., preventing air pollution damage to vegetation). Current state ambient air quality 

standards for Cowlitz County are the same as federal NAAQS.  
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Table 2. Federal and Washington State Ambient Air Quality Standards 

Pollutant 

Federal 

 Primary Secondary 

Carbon monoxide 

8-hour averagea  9 ppm No standard  

1-hour averagea 35 ppm No standard  

Ozone 

8-hour averageb,c 0.070 ppm 0.070 ppm  

Nitrogen dioxide 

1-hour averaged 100 ppb No standard  

Annual average 53 ppb 53 ppb  

Sulfur dioxidee 

Annual average No standard No standard  

24-hour averagee No standard No standard  

3-hour averagee No standard 0.50 ppm  

1-hour averagef 75 ppb No standard  

Lead 

Rolling 3-month average 0.15 µg/m3 0.15 µg/m3  

PM10  

24-hour averageg 150 µg/m3 150 µg/m3  

PM2.5  

Annual averageh 12 µg/m3 15 µg/m3  

24-hour averagei 35 µg/m3 35 µg/m3  

Notes: 
a Not to be exceeded on more than 1 day per calendar year as determined under the conditions indicated in 

173 WAC 476. 
b In December 2015, EPA lowered the federal standard for 8-hour ozone from 0.075 ppm to 0.070 ppm.  
c To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone 

concentrations measured at each monitor within an area over each year must not exceed 0.070 ppm. 
d       98th percentile of 1-hour daily maximum concentrations, averaged over 3 years. 
e      Not to be exceeded more than once per calendar year.  
f     99th percentile of 1-hour daily maximum concentrations averaged over 3 years. 
g Not to be exceeded more than once per year average over 3 years. 
h      Annual mean averaged over 3 years.  
i     98th percentile averaged over 3 years.  
Source: 173 WAC 476; U.S. Environmental Protection Agency 2012. 
ppm = parts per million; ppb= parts per billion; PM10 = particulate matter with a diameter less than or equal to 10 
micrometers; PM2.5 = particulate matter with a diameter less than or equal to 2.5 micrometers; µg/m3 = 
micrograms per cubic meter 

1.2.2 Federal and State Air Toxics  

Under the federal Clean Air Act, EPA is also required to control air toxics, which are pollutants 

known or suspected to cause cancer or other serious health effects, such as birth defects or 

reproductive effects. Examples of air toxics include benzene, formaldehyde, and toluene. EPA has 

identified 188 air toxics, which it refers to as hazardous air pollutants (HAPs). EPA’s control of these 

pollutants differs from its control of criteria air pollutants discussed above. No ambient air quality 

standards have been established for air toxics. Instead, EPA has identified all major industrial 

stationary sources that emit these pollutants, and has developed national technology-based 
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performance standards to significantly reduce their emissions and ensure that major sources of 

these toxics are controlled, regardless of geographic location.  

Ecology pursues reductions in TAPs, including diesel particulate matter (DPM), listed in Washington 

Administrative Code 173-460-150, from new or modified stationary sources.3 In general, all sources 

that require a notice of construction application are required to assess its TAP emissions from 

stationary sources with a review of the best available control technology for toxic air pollutants, 

quantification of emissions, and human health protection demonstration. The objective is to reduce 

or eliminate TAPs from stationary sources prior to their generation whenever economically and 

technically practicable. However, the only new stationary source emission considered under the 

proposed project is fugitive coal dust. Fugitive coal dust itself is not a TAP, but components of it may 

be, so this rule may apply. SWCAA has a separate list of pollutants which may apply to emissions 

under the On-Site Alternative or Off-Site Alternative from this stationary source.  

1.2.3 Attainment Status 

Based on monitoring information collected over a period of years, EPA and Ecology designate 

regions as being attainment or nonattainment areas for regulated air pollutants. Attainment status 

indicates that air quality in an area meets the federal, health-based ambient air quality standards. 

Nonattainment status indicates that air quality in an area does not meet those standards. If the 

measured concentrations in a nonattainment area improve to levels consistently below the federal 

standards, Ecology and EPA can reclassify the nonattainment area to a maintenance area. In this 

situation, Ecology and the local clean air agency are required to implement maintenance plans to 

ensure ongoing emissions reductions, and continuous compliance with the federal standards.  

Cowlitz County is currently designated unclassifiable-attainment for all NAAQS. This designation 

means that EPA and Ecology expect the area to meet air quality standards despite a lack of 

monitoring data. Currently, Ecology and SWCAA only operate a particulate matter less than or 

equal to 2.5 micrometers in diameter (PM2.5) air quality monitor.  

1.3 Study Area  
The study areas are the same for both the On-Site Alternative and Off-Site Alternative. Direct 

impacts were analyzed within an approximate 5-mile radius around the project areas. Indirect 

impacts were analyzed up to approximately 20-mile radius from the project areas. 

                                                      
3 A stationary source refers to an emissions source of air pollution that does not move. 
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Chapter 2 
Affected Environment 

This chapter explains the methods for assessing the affected environment and determining impacts, 

and describes the affected environment in the study area as it pertains to air quality. 

2.1 Methods  
The air quality analysis evaluated emissions from construction and terminal operations.  

Air emissions for the On-Site Alternative and Off-Site Alternative were estimated for carbon 

monoxide (CO), volatile organic compounds (VOCs), nitrogen oxide (NOx), particulate matter less 

than or equal to 10 micrometers in diameter (PM10), PM2.5, and sulfur dioxide (SO2) to evaluate the 

impact on air quality. Because construction emissions are temporary and have a short period of 

activity, these emissions are only evaluated in comparison with emissions thresholds. Operations 

emissions, however, are evaluated in comparison to their impacts on air quality.  

The methods used to assess construction-related air quality impacts were designed to estimate the 

strength of emissions during the peak construction period and to identify the maximum daily 

emissions. Sources of direct construction emissions included emissions from construction 

equipment and fugitive dust from earthwork activity. Sources of indirect construction emissions 

include trucks hauling material to the project area, vehicle crossing delays, river barges, and 

construction worker commute vehicles. 

The air quality assessment for terminal operations considered on-site activities that would generate 

potential fugitive emissions of particulate matter from the handling and transfer of coal, including 

unloading coal from rail cars, transferring coal on conveyors, piling coal onto storage piles, and 

loading coal onto ships. The coal transfers would occur in enclosed areas (i.e., rotary coal car dump 

and conveyors) as well as areas that are not enclosed (i.e., coal piles). In addition, the air quality 

assessment considered locomotive exhaust emissions that occur during the unloading and 

movement of coal cars, hoteling emissions during vessel loading, emissions from tugs used to 

maneuver vessels into the terminal, and emissions from operations (e.g., loader) and maintenance 

equipment.  

The operations sources of emissions were assessed for their potential local air quality impacts using 

EPA’s standard regulatory air dispersion model, AERMOD (Version 14134). AERMOD is the 

appropriate tool for this application as the air quality impacts are localized and AERMOD is designed 

to assess emissions for multiple point, area, and volume sources in simple and complex terrain, and 

uses hourly meteorological on-site data. AERMOD output results are compared to the federal and 

state ambient air quality standards presented in Table 2.  
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2.1.1 Data Sources 

The following sources of information were used to determine the emissions impacts from the On-

Site Alternative and Off-Site Alternative. 

 California’s Air Resource Board, Appendix D, Emission Estimation Methodology for Ocean Going 

Vessels (California Air Resource Board 2011). 

 Northwest International Air Quality Environmental Science and Technology Consortium (2015) 

 Millennium Coal Export Terminal, Longview Washington, Environmental Report Air Quality 

Analysis prepared by URS Corporation (URS Corporation 2015).  

 National Climatic Data Center Longview, Washington Monthly Climate Normals, Daily and 

Monthly Temperature Extremes and Precipitation Averages and Extremes by Month (National 

Climatic Data Center 2011).  

 EPA’s Compilation of Air Pollutant Emission Factors (U.S. Environmental Protection Agency 

1995a, 1995b, 1995c, 1996). 

 EPA’s User’s Guide and Addendum for the AMS/EPA Regulatory Model—AERMOD (U.S. 

Environmental Protection Agency 2004, 2014).  

 EPA’s Analysis of Commercial Marine Vessels Emissions and Fuel Consumption Data (U.S. 

Environmental Protection Agency 2000). 

 EPA’s NONROAD Model (Nonroad engines, equipment, and vehicles), Version 2008a (U.S. 

Environmental Protection Agency 2009).  

 EPA’s Federal Marine Compression-Ignition Engines – Exhaust Emission Standards (U.S. 

Environmental Protection Agency 2012).  

2.1.2 Impact Analysis Approach 

The following sections describe the approach that was taken for the construction impact analysis 

and the operations impact analysis. 

2.1.2.1 Construction Impact Analysis Approach  

The Applicant has identified three construction scenarios: 

 Truck. If material is delivered by truck, it is assumed that approximately 88,000 truck trips 

would be required over the construction period. Approximately 56,000 loaded trucks would be 

needed during the peak construction year. 

 Rail. If material is delivered by rail, it is assumed that approximately 35,000 loaded rail cars 

would be required over the construction period. Approximately two-thirds of the rail trips 

would occur during the peak construction year. 

 Barge. If material is delivered by barge, it is assumed that approximately 1,130 barge trips 

would be required over the construction period. Approximately two-thirds of the barge trips 

would occur during the peak construction year. Because the project area does not have an 

existing barge dock, the material would be off-loaded at an existing dock elsewhere on the 

Columbia River and transported to the project area by truck. 
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Emissions included in the construction analysis include those from barge and truck emissions 

associated with the delivery of construction supplies and materials, in addition to direct emissions 

from construction equipment exhaust and fugitive dust emissions. Earthwork activity would take 

place during the first 18 months of construction. Based on the frequency and duration of use and 

fuel types, emissions were estimated based on either the EPA AP-42 compilation of emissions 

factors or EPA’s NONROAD2008a model for non-road construction equipment activity. A brief 

description and key assumptions are presented in the following sections for each source type.  

Construction Equipment 

Construction equipment exhaust emissions are the result of fuel combustion. This includes activity 

associated with rail infrastructure, construction of the conveyor and transfer stations, and surge 

bins, dock, and trestles. Combustion emissions estimates were obtained by applying the EPA 

NONROAD2008a emissions model (U.S. Environmental Protection Agency 2009) for nonroad 

equipment activity as reported in the Environmental Report Air Quality Analysis prepared by URS 

(URS Corporation 2015). Construction activity was assumed to occur 8 hours per day, 5 days per 

week, 52 weeks per year, with the exception of track laying machines, which were assumed to occur 

only 4 hours per day. Emissions factors were then combined with maximum numbers of equipment 

operated, duration of use, and horsepower to obtain annual emissions. Diesel particulate emissions 

were derived from PM10 emissions estimates for diesel-powered equipment, which included most 

on-site combustion sources as well as barges. Additional details on the approach are identified in 

Appendix A, Air Quality Data, for annual emissions and maximum daily emissions.  

River Barges 

Emissions estimates for barge engines were based on EPA’s approach for large diesel engines (U.S. 

Environmental Protection Agency 1996). The river barge was assumed to use ultra-low sulfur diesel, 

with less than 15 parts per million (ppm) sulfur content. The barge positioning time was assumed to 

take 1 hour (0.5 hour in and 0.5 hour out), with 753 round trips during the peak construction year 

(average of 2.9 daily). Additional details on this approach are identified in Appendix A, Air Quality 

Data, for annual emissions and maximum daily emissions. 

Fugitive Dust from Earthwork Activity 

Fugitive dust emissions were estimated using a conservative approach for construction equipment 

(U.S. Environmental Protection Agency 1995a). This method uses a generic, all-inclusive, emissions 

factor of 1.2 tons particulate matter (PM)/acre-month for land preparation activities. Land clearing, 

excavation, earth moving (cut and fill), and other miscellaneous dust-generating activities that 

typically occur during construction are included as part of this emissions factor. All earthwork for 

the project area was assumed to occur evenly over a 1-year period, and the standard best 

management practice of watering to minimize fugitive dust emissions was assumed to be used as 

well. Additional details on this approach are identified in Appendix A, Air Quality Data, for annual 

emissions and maximum daily emissions. 

Vehicle Delays at Rail Crossings  

Off-site emissions associated with vehicle delays at train crossings from construction-related 

locomotives transporting construction materials along the Reynolds Lead and BNSF Spur are 
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included in the analysis. Additional details on this approach are identified in Appendix A, Air Quality 

Data. 

Construction Worker Commute Vehicles 

During peak construction, up to 200 construction workers may commute to the project area. Off-site 

emissions associated with commute vehicles for construction workers are included in the analysis. 

Additional details on this approach are identified in Appendix A, Air Quality Data.  

2.1.2.2 Operations Impact Analysis Approach  

The on-site transfer and storage of coal would create fugitive emissions of coal dust due to product 

movement and wind erosion. In addition, combustion emissions from rail and vessel movement, as 

well as some nonroad equipment emissions associated with the operation and maintenance of the 

terminal, are included in the analysis. The project areas also include emissions at the proposed 

docks as well as maneuvering to dock vessels at the terminal; these on-site emissions were 

considered in the analysis. The approach taken to address emissions associated with coal storage 

and handling, locomotive, vessel, vehicle delays at rail crossings, and employee commute vehicles is 

described below. A section that describes how emissions were characterized for air quality 

modeling is also presented below. 

Coal Storage and Handling 

Most on-site coal movement would occur in enclosed areas, including the rotary coal car dump and 

conveyors. Some transfer activities at the coal storage piles would not be enclosed; however, the 

conveyors, transfer towers, and the coal storage piles themselves would have systems in place for 

dust control (watering or dry fogging). Watering of the coal storage piles would help to reduce wind 

erosion. In general, the combination of these passive (enclosures) and active (watering, fogging) 

control systems would provide a high level of dust control (up to 99%); however, because these 

control systems would not operate with negative pressure, a more conservative 95% effectiveness 

assumption was used. This approach is consistent with a similar type facility that was issued a draft 

permit from Oregon Department of Environmental Quality. To account for the reduction in 

emissions from watering of the coal within the project area (URS Corporation 2014), a 95% 

effectiveness in reducing coal dust emissions was assumed in this analysis.  

Locomotives  

The impact analysis approach for rail operations used EPA projected emissions factors (grams per 

gallon [g/gal]) for line-haul locomotives, which are based on projected changes in locomotive fleet 

over the next 30 years (U.S. Environmental Protection Agency 2009). These emissions were based 

on locomotive engine load and associated fuel consumption during transport to and from the coal 

export terminal, the unloading of coal from train cars, as well as the total annual coal throughput. 

Key assumptions for rail included an estimated duration of 111 minutes (1.85 hours) to unload a 

125-car unit train (ICF International and Hellerworx 2016). It was assumed that all locomotives 

would use ultra-low-sulfur diesel (15 ppb sulfur). Table 3 presents a list of emissions source types 

associated with operations, identifies how the source type is characterized in AERMOD, and lists the 

appendix where further details are provided on how emissions were calculated.   
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Vessel 

The impact analysis approach for vessel operations assumed that each vessel receiving coal would 

need three tugs to maneuver the ship, and would require 3 hours total time to assist with docking 

and departing operations. Further, it was estimated that an average of 13 hours would be needed to 

load each vessel with coal, and during this period, the vessel would be hoteling using auxiliary 

engines. The typical main and auxiliary engine size was based on Lloyd’s Register of Ships Sea-web 

(Sea-Web 2015).4 To comply with International Maritime Organization 2016 Emission Control Areas 

for North America, all vessels were assumed to use the maximum allowed sulfur content marine 

distillate fuel of 0.1% (1,000 ppm). It was also assumed that all tugboats would use ultra-low-sulfur 

diesel (15 ppb sulfur). Appendices that present this approach in detail are identified in Table 3. On-

site vessel emissions (within the project area) would be a direct impact; off-site vessel emissions 

(outside the project area) would be an indirect impact. 

Vehicle Delays at Train Crossings 

Off-site emissions associated with vehicle delays at train crossings from locomotives transporting 

coal along the Reynolds Lead and BNSF Spur are included in this analysis. Appendices that present 

this approach in detail are identified in Table 3. Vehicle delay emissions would occur outside the 

project area and therefore would be an indirect impact. 

Employee Commute Vehicles  

The impact analysis approach for employee vehicle emissions assumed approximately 135 vehicles 

commuting to and from the project area each day and an average travel time of 24.1 minutes. 

Appendices that present this approach in detail are identified in Table 3.  

Table 3.  Summary of Operations Emissions, Source Type, and Appendix References for Details on 
the Emissions Calculation  

Source Type  

Characterization 
for the Air 
Dispersion 
Modeling 

Appendix Tab Presenting 
Details on Methods Used 
to Calculate Emissions   

Handling and transfer of coal, including unloading 
coal from rail cars, transferring coal on conveyors, 
piling coal onto storage piles, and loading coal onto 
shipsa  

Volume Tab F 

Locomotive exhaust emissions that occur during 
unloading, idling, and switching of rail cars 

Line Tabs H, H2, and H3 

Maneuvering and hotel emissions during vessel 
loading and tug assist maneuvering 

Point Tabs I, I2 

Emissions from operations (e.g., loader) and 
maintenance equipment   

Point  Tabs J, J2 

Coal dust from coal storage piles Area Tabs D and E 

Coal dust from moving rail cars Line Tab G 

Notes:  
a The on-site coal transfers would occur in enclosed areas (i.e., rotary coal car dump and conveyors), as well as 

areas that are not enclosed (i.e., coal piles and the unloading of rail cars). 

                                                      
4 The Sea-Web data is produced by IHS Global Limited. The data is based on Lloyd’s Register of Ships Sea-web 
provided ship characteristics data for ships over 100 gross tons. 
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Characterizing Emissions for Air Quality Modeling  

An air quality modeling impact assessment was conducted to assess the localized air quality impacts 

from operation of the terminal on air quality and assess the contribution from just terminal 

emissions, from all on-site activities, and from all activities, including off-site activities.  

The air quality modeling methodology follows general EPA protocols used in air quality permitting. 

The methodology used is similar to the approach used in the Environmental Report Air Quality 

Analysis prepared by URS (URS Corporation 2015). One notable exception was the use of the Tier 3 

level Ozone Limiting Method (OLM) to estimate NO2 concentration. The OLM approach accounts for 

the NOx to NO2 conversion,5 using EPA’s default NO2/NOx equilibrium ratio of 0.9, an in-stack NO2 to 

NOx of 0.05 for locomotives,6 an in-stack of NO2 to NOx of 0.20 for vessels (Alföldy et al. 2013), and 

an NO2 to NOx of 0.30 for on-site equipment (Wang et al. 2011). The OLM approach also requires O3 

data. The nearest representative O3 data available was from the Oregon Department of 

Environmental Quality’s Sauvie Island monitor located in the Columbia River approximately 

25 miles to the south-southeast of the project areas. However, this site is not a year-round monitor, 

and other more distant and less representative sites would be needed to complete the analysis using 

monitored data. Instead, representative background concentrations for the study area were 

obtained from the Northwest International Air Quality Environmental Science and Technology 

Consortium (NW AIRQUEST), Washington State University, for the period of 2009 through 2011.7 

The background ozone concentration for this location was 79 µg/m3. 

The air quality model requires that emissions be characterized for use in AERMOD as four types of 

sources: point, volume, area, and line sources.8 Each emissions source type characteristic is 

summarized below. 

 Point Sources. Vessels and tugboat emissions from vented stacks were characterized as point 

sources. The operating and maintenance equipment were also modeled as point sources spread 

across the terminal. Exhaust emissions from on-site operations and maintenance equipment 

were also based on the NONROAD model. Vessel emissions factors came from several sources, 

including California’s Air Resource Board (CARB) Emission Estimation Methodology for Ocean 

Going Vessels (California Air Resource Board 2011), and EPA’s Federal Marine Compression-

Ignition Engines, Exhaust Emission Standards for highest tier engines—auxiliary and Tugs C2; 

main engine C3 (U.S. Environmental Protection Agency 2012).  

 Volume sources. Coal transfer operations were characterized as volume sources, which 

included eight transfer towers, a rotary rail dump, surge bins work points, and two conveyors to 

load coal onto the vessels with emissions rates estimated based on the EPA AP-42, Chapter 

13.2.4 approach (U.S. Environmental Protection Agency 1995b).  

                                                      
5 Atmospheric chemistry changes NO to NO2; the rate at which this conversion takes place is limited by the 
available ozone and sunlight.  
6 About 5% of NOx freshly emitted from locomotives is in the form of NO2 (Fritz pers. comm.). 
7 The consortium developed background design value estimates for 2009 through 2011, based on model-monitor 
interpolated products that provide realistic background design value estimates where nearby ambient monitoring 
data are unavailable. The work is sponsored by EPA Regional 10, Ecology, and others. More information about the 
NW AIRQUEST tool can be found at http://www.lar.wsu.edu/nw-airquest/lookup.html. 
8 AERMOD User Guide (2004) provides additional information on the definition of these source types.  
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 Area sources. Area sources were used to model low-level ground releases. The four coal 

storage piles were modeled as area sources with emissions estimated following the EPA AP-42, 

Chapter 13.2.5 approach (U.S. Environmental Protection Agency 1995c).  

 Line sources. Exhaust emissions from locomotives unloading operations and coal dust from 

moving rail cars were modeled as line sources. Coal dust particulate emissions were estimated 

following EPA’s AP-42, Chapter 13.2.5 approach (U.S. Environmental Protection Agency 1995c), 

and locomotive exhaust emissions were estimated following EPA’s NONROAD2008a model9 

(U.S. Environmental Protection Agency 2009).  

2.2 Affected Environment 
The affected environment related to air quality in the study area is described below. 

2.2.1 On-Site Alternative Project Area 

The following sections describe the meteorological conditions and background air quality conditions 

for the On-Site Alternative project area. 

2.2.1.1 Prevailing Meteorology and Climate 

The project area is located along the Columbia River in southwestern Washington, approximately 

50 miles east of the Pacific Ocean. The region is characterized as a mid-latitude, west coast marine-

type climate. The Cascade Range to the east has a large influence on the climate in Cowlitz County. 

The Cascade Range forms a barrier from continental air masses originating over the Columbia River 

Basin. The Cascades also induce heavy amounts of rainfall; as moist air from the west rises, it is 

forced to rise up the mountain slopes, which produces heavier rainfall on the western slopes of the 

Cascades, and moderate rainfall amounts in the lower lying areas, such as Longview. 

Summers in the region are mild and dry. Winters are cool, but typically wet and cloudy with a small 

range in daily temperature. The average annual precipitation in Longview is approximately 

48 inches, with most precipitation falling during the months of November through March (National 

Climate Data Center 2011). Average annual rain events, taken as days with measured rain greater 

than 0.01-inch, are approximately 175 days per year, based on National Climatic Data Center 

summaries. 

Due mostly to its geographical location, temperatures are usually mild. Days with maximum 

temperatures above 90 degrees Fahrenheit (°F) occur about 7 times per year on average. Days with 

a minimum temperature below 32°F occur about 57 times per year on average, and below 0°F 

temperatures occur only very rarely (none recorded between 1931 and 2006). Mean high 

temperatures range from the high 70s in the summer to mid-40s (°F) in winter, while average lows 

are generally in the low 50s in summer and mid-30s in winter. 

Meteorological data collected by the Weyerhaeuser meteorological tower at the nearby Mint Farm 

Industrial Park between 2001 and 2003 indicates that the prevailing winds near the project area are 

from the west-northwest and southeast, following along the alignment of the Columbia River at that 

location. In the fall and winter months (October through March), the winds are primarily from the 

                                                      
9 Rail emissions were based on the national fleet Class-1 line-haul locomotive fleet. 
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southeast and east; the winds are typically from the west-northwest in the spring and summer 

months (April through September). Figure 4 shows the annual wind rose for the Mint Farm 

meteorological station for the three-year period from 2001 to 2003 with an average wind speed of 

2.25 meters/second. 

2.2.1.2 Background Air Quality 

As discussed in Section 1.2.4, Attainment Status, Cowlitz County is attainment or unclassified for all 

criteria pollutants, indicating that air quality in the vicinity of the project area meets the federal and 

state ambient air quality standards shown in Table 2. The only available local air pollutant 

monitoring is for PM2.5. The monitor is operated by Ecology and is located at 1234 30th Avenue in 

Longview (Olympic School), approximately 1.5 miles east of the project area.  

Beginning January 1, 2007, hourly data were made available for analysis and download at Ecology’s 

monitoring data site (Washington State Department of Ecology 2015a). The maximum reported 

daily 24-hour PM2.5 concentration between January 1, 2007 and February 2015 was 28.0 µg/m3 

reported on November 16, 2014. The second highest 24-hour average was 26.7 µg/m3 reported on 

November 23, 2013. The 3-year average of 98th percentile is 17.8 µg/m3. This 3-year average is 

well below the 24-hour 98th percentile PM2.5 standard of 35 µg/m3. The 3-year annual average 

PM2.5 concentration has ranged from 4.9 to 6.1 µg/m3 over the past 8 years, with the highest 

concentration occurring from 2012 through 2014. The monitoring shows that PM2.5 levels in the 

Longview-Kelso area are well within the PM2.5 air quality standards. However this PM2.5 monitor is 

not a Federal Reference Method or Federal Equivalence Method monitor, and thus, cannot be used 

to make formal designations of attainment status. 

Concentrations of other criteria pollutants for the study area also are expected to be well within air 

quality standards, although no monitoring data are available. Estimated values based on air quality 

modeling are discussed in Section 3.1.1.2, Operations.  

In addition, criteria pollutants results from the Longview air toxics study (Southwest Clean Air 

Agency 2007) showed that measured levels of toxic pollutants were below levels of concern for 

short-term and long-term exposures. The study found that, of the air toxics that could be directly 

monitored, the air toxics of most concern for potential health risk in Longview are acetaldehyde, 

arsenic, benzene, manganese, and formaldehyde, while DPM was identified as the most likely 

contributor to cancer risk in Washington State. No further studies on air toxic monitoring in the 

Longview-Kelso area has been conducted since that time.  
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Figure 4.  Wind Data for Mint Farm 2001-2003, Supplemented with Portland International Airport for 
Missing Hours 
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2.2.1 Off‐Site Alternative Project Area 

Meteorological	conditions	for	the	Off‐Site	Alternative	project	area	would	be	nearly	the	same	as	the	
On‐Site	Alternative	because	of	the	proximity	of	the	two	project	areas.	However,	due	to	the	
channeling	effects	of	the	Columbia	River,	the	wind	rose	for	the	Off‐Site	Alternative	could	show	more	
northerly	and	southerly	wind	flow	components.		

Because	of	the	proximity	of	the	Off‐Site	Alternative	and	On‐Site	Alternative	project	areas,	the	
existing	background	air	quality	for	the	Off‐Site	Alternative	project	area	is	similar	to	the	background	
air	quality	for	the	On‐Site	Alternative	project	area.	However,	because	the	Off‐Site	Alternative	project	
area	is	further	from	the	industrial	area	and	urban	population,	the	background	air	quality	for	this	
project	area	might	be	slightly	cleaner	than	for	the	On‐Site	Alternative	project	area.	

2.2.2 Cowlitz County Air Quality Conditions 

Cowlitz	County	is	classified	as	attainment	or	unclassified	for	all	air	pollutants.	Of	the	criteria	air	
pollutants,	only	PM2.5	is	currently	being	monitored	in	the	county.	The	PM2.5	monitoring	station	
located	at	the	Olympic	Middle	School	is	a	neighborhood‐scale	site,	affected	primarily	by	smoke	from	
home	heating.	It	is	considered	representative	of	the	Longview‐Kelso	area	and	is	used	for	curtailment	
calls	during	the	home	heating	season.	The	24‐hour	design	value	in	2014	was	18	µg/m3	(Washington	
State	Department	of	Ecology	2015b).	Although	it	is	not	a	reference	instrument,	it	is	considered	a	
strong	indicator	of	the	relative	air	quality	for	the	Longview‐Kelso	area.	Air	quality	in	other	locations	
of	Cowlitz	County	is	generally	as	good	as	or	better	than	in	the	Longview‐Kelso	area.	With	respect	to	
HAPs,	the	most	recent	national	air	toxic	assessment	(U.S.	Environmental	Protection	Agency	2011)	
showed	that	Cowlitz	County	has	an	overall	inhalation	cancer	risk	of	30	cancers	per	million,	which	is	
lower	than	the	state	average	of	40	cancers	per	million	as	well	as	below	the	national	average	of	40	
cancers	per	million,	not	including	DPM.	A	similar	pattern	emerges	when	DPM	is	included	but	with	
levels	nearly	ten	times	higher.			
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Chapter 3 
Impacts 

This chapter describes the impacts on air quality that would result from construction and operation 

of the On-Site Alternative or the Off-Site Alternative, or the conditions under the No-Action 

Alternative. 

3.1 On-Site Alternative 
Potential impacts on air quality from the On-Site Alternative are described below. As noted in 

Section 1.3, Study Area, air emissions are aggregated and regulated at a larger scale than a localized 

study area. The analysis and discussion of direct and indirect analyses are combined. 

3.1.1 Construction 

Maximum annual emission estimates associated with construction of the On-Site Alternative are 

presented in Table 4, and maximum daily emission estimates are presented in Table 5. Table 4 

provides the maximum annual construction emissions during the peak of the construction period. 

Table 5 considers the same construction activities presented in Table 4, while looking at the 

maximum construction emissions occurring during an 8-hour weekday.  

As mentioned in Section 1.2.4, Attainment Status, the study area is in attainment for all criteria 

pollutants. Although attainment areas are not subject to federal General Conformity rules (40 CFR 

93, subpart B), the rule provides emission de minimis levels that could be used for evaluating the 

potential impact from construction emissions.10  

As shown in Table 4, the maximum annual construction-related emissions would be well below the 

de minimis levels established by the EPA. This means that although emissions of criteria pollutants 

would occur, they would not be expected to cause a substantial change in air quality and are unlikely 

to adversely affect sensitive receptors surrounding the project area. Table 5 shows the maximum 

daily construction emissions. This maximum activity occurs early in the construction schedule with 

earthwork activity and with the delivery of construction of materials via barge and truck. Because 

no suitable docking locations are available for the type of barges needed to deliver materials in 

Cowlitz County, the barge emissions are included as informational since barge emissions would be 

outside the study area. Haul truck emissions are included for the truck trips needed to make 

deliveries of construction material to the project area.   

The estimated emissions shown in Tables 4 and 5 assume that best management practices would be 

followed, including reduced idling measures, dust control measures to minimize soil disturbance, 

and the application of water along access roads to minimize the track-out of soil.

                                                      
10 While the study area is in attainment for all criteria pollutants and therefore not subject to federal General 
Conformity rules (40 CFR 93, subpart B), the emission de minimis levels were used to provide a threshold against 
which to evaluate potential impact from construction. 



U.S. Army Corps of Engineers 

 

Impacts 
 

 

Millennium Bulk Terminals-Longview 
NEPA Air Quality Technical Report 

3-2 
September 2016 

 

 

Table 4.  Maximum Annual Estimated Construction Emissions 

Source 

Construction Emissions (tpy) [maximum per year] 

NOx CO VOCs SO2 TSP PM10 PM2.5 HAPs DPM 

Combustion Sources          

Equipment (project area) 24.60 9.04 2.23 0.95 2.34 1.93 1.93 0.05 2.34 

Haul Trucks (project area) 4.06 0.88 0.18 0.01 0.23 0.19 0.13 0.004 0.23 

Haul Trucks (study area)a 9.37 2.04 0.41 0.03 0.54 0.44 0.31 0.010 0.54 

Barges (not in study area)b  59.0 15.68 1.51 0.028 1.29 1.06 1.06 0.03 1.29 

Passenger Commute Vehicles/Crossing-Delay (study area)a 0.05 7.5 0.13 0.010 0.22 0.22 0.04 0.001 <0.001 

Total Combustion Sources (project area) 28.66 9.92 2.41 0.96 2.57 2.12 2.06 0.05 2.57 

Total Combustion Sources (all study area)c 38.1 19.5 2.95 1.0 3.3 2.8 2.4 0.07 3.1 

Fugitive Sources          

Controlled Fugitive Earthwork (project area) - - - - 12.00 5.87 1.22 - - 

Total Fugitive Sources - - - - 12.00 5.87 1.22 - - 

Total           

On-site construction emissions sources (project area) 28.7 9.9 2.41 0.96 14.6 7.99 3.28 0.05 2.6 

All construction emissions sourcesc 38.1 19.5 2.95 1.0 15.3 8.7 3.6 0.07 3.1 

General Conformity de minimis levels for ozone maintenance 
areas (CFR 93.153) 

100 100 100 100  100 100   

Source: Combustion and fugitive emissions sources were obtained from various references, as described above under Section 2.1.2.1, Construction Impact Analysis 
Approach. 
Notes: 
a Not in the project area but in the study area.  
b Not in study area as defined in Section 1.3, Study Area; provided for reference. Based on barge maneuvering time for docking of 0.5 hour in and 0.5 hour out; does 

not include transit on the Columbia River. 
c Rounded. Does not include barge emissions (outside study area).  
“-“ = not applicable 
tpy = tons per year; NOx = nitrogen oxide; CO = carbon monoxide; VOCs = volatile organic compounds; SO2 = sulfur dioxide; TSP = total suspended particles;  
PM10 = particulate matter less than 10 micrometers in diameter; PM2.5 = particulate matter less than or equal to 2.5 micrometers in diameter; HAPs = hazardous air 
pollutants; DPM = diesel particulate matter  
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Table 5.  Maximum Daily Estimated Construction Emissions 

 Construction Emissions (lb/day) [maximum daily] 

Source NOx CO VOCs SO2 TSP PM10 PM2.5 HAPs DPM 

Combustion Sources          

Equipment (project area) 229.6 82.89 20.4 8.67 21.49 17.66 17.66 0.42 21.5 

Haul Trucks (project area) 54.7 14.4 3.1 0.2 6.1 5.0 2.6 0.1 6.12 

Haul Trucks (study area)a 110.48 24.0 4.81 0.33 6.34 5.21 3.66 0.12 6.34 

Barges (study area)b 454.7 120.8 11.6 0.21 9.90 8.14 8.14 0.61 9.9 

Passenger Commute and Crossing Delay (study area)a 1.43 20.0 0.35 0.03 0.58 0.58 0.11 0.01 <0.001 

Total Combustion Sources (project area) 284.3 97.29 23.5 8.87 27.59 22.66 20.26 0.52 27.62 

Total Combustion Sources (all study area)c 396.2 141.29 28.7 9.23 34.5 28.5 24.0 0.65 34.0 

Fugitive Sources          

Controlled Fugitive Earthwork - - - - 66.7 32.6 6.80 - - 

Total Fugitive Sources - - - - 66.7 32.6 6.80 - - 

Total          

Onsite construction emissions sources (project 
area) 

284.3 97.29 23.5 8.87 94.3 55.3 27.1 0.52 27.6 

All construction emissions sourcesc 396.2 141.29 28.7 9.23 101.21 61.1 30.8 0.65 34.0 

Notes: 
Source: Combustion and fugitive emissions sources were obtained from various references, as described above under Section 2.1.2.1, Construction Impact Analysis 
Approach.  
a Not in the project area, but in the study area.  
b Not in in the study area as defined in Section 1.3, Study Area; provided for reference. Based on barge maneuvering time for docking of 0.5 hour in and 0.5 hour out; 

does not include transit on the Columbia River 
c Rounded. Does not include barge emissions (outside the study area). 
“-“ = not applicable 
lb/day = pounds per day; NOx = nitrogen oxide; CO = carbon monoxide; VOCs = volatile organic compounds; SO2 = sulfur dioxide; TSP = total suspended particles; 
PM10 = particulate matter less than 10 micrometers in diameter; PM2.5 = particulate matter less than or equal to 2.5 micrometers in diameter; HAPs = hazardous air 
pollutants; DPM = diesel particulate matter 
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3.1.2 Operations 

Sources of on-site (direct) air pollution from the On-Site Alternative would include fugitive 

emissions from coal handling, coal storage piles, and mobile source emissions from maintenance 

and operation of the terminal. Off-site (indirect) source of air pollution would be emitted from trains 

and vessels used in transport. As presented in Table 6, rail and vessel emissions would be the largest 

source of emissions, with the exception of particulate matter where all sources would be important 

contributors. The terminal would produce only small quantities of air pollutants 

(maintenance/operations); the supporting operations of coal transport from vessels and trains are 

the dominant source of air emissions.   

Table 6.  Full Operations Maximum Annual Average Emissionsa 

Source 

Maximum Annual Average Emissions (tpy) 

NOx CO VOCs SO2 TSP PM10 PM2.5 HAPs DPM 

Fugitive Sources                    

Coal Transfer (except piles):          

Material Handling - - - - 5.25 1.84 0.28 - - 

Coal Piles:          

Wind Erosion - - - - 1.08 0.92 0.14 - - 

Material Handling - - - - 2.62 0.92 0.14 - - 

Mobile Sources           

Maintenance/Operations Equipment:          

Combustion 4.36 1.42 0.36 0.19 0.38 0.31 0.31 0.01 0.38 

Employee Commute\Crossing Delay 0.13 2.05 0.04 0.003 0.008 0.08 0.02 0.01 <0.01 

Locomotive:          

Combustion (off-site)b 17.5 7.63 0.60 0.027 0.45 0.37 0.36 0.08 0.45 

Fugitive Dust (off-site)b - - - - 0.94 0.80 0.12 - - 

Combustion (on-site) 11.6 4.00 0.48 0.01 0.30 0.25 0.24 0.04 0.21 

Fugitive Dust (on-site) - - - - 2.10 1.79 0.27 - - 

Vessels:          

Combustion (off-site)b 24.8 37.9 14.1 3.04 2.17 1.78 1.64 0.03 0.00 

Combustion (on-site) 23.3 65.9 15.3 4.52 1.27 1.05 1.02 0.08 0.56 

Total: All Mobile Sources, On-site 
and Off-site 

81.7 118.9 30.9 7.8 7.6 6.4 4.0 0.3 1.6 

Total - On-site Sources 39.3 71.3 16.14 4.72 13.00 7.08 2.40 0.13 1.15 

Fugitive Dust Only - - - - 11.05 5.47 0.83 - - 

Mobile Combustion Sources  39.26 71.32 16.14 4.72 1.95 1.61 1.57 0.13 1.15 

Notes: 
Source: Combustion and fugitive emissions sources were obtained from various references, as described in Section 
2.1.2.2, Operations Impact Analysis Approach.  
a Full operations = Maximum throughput (44 million metric tons per year). 
b off-site = Not in the project area.  
“-“ = Not applicable. 
tpy = tons per year; NOx = nitrogen oxide; CO = carbon monoxide; VOCs = volatile organic compounds; SO2 = sulfur 
dioxide; TSP = total suspended particles; PM10 = particulate matter less than or equal to 10 micrometers in diameter; 
PM2.5 = particulate matter less than or equal to 2.5 micrometers in diameter; HAPs = hazardous air pollutants; DPM = 
diesel particulate matter 
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3.1.2.1 Impact Assessment 

A modeling analysis was performed with the AERMOD dispersion model. The results from the 

modeling are compared with the NAAQS.  

Two sets of emissions were developed. The first set was used to model the long-term (annual 

average concentrations), reflecting emissions over an entire year with train and vessel arrivals 

spread over the year to simulate the average activity at the terminal. The second set of emissions 

was used to determine the short-term (24-hour or less concentrations), reflecting peak hourly 

emissions that could occur during the course of an hour. Peak hourly activity included a coal train 

unloading at the terminal, a vessel loading with coal, and a second vessel docking at the terminal. 

This level of activity was conservatively assumed to persist for up to 24 hours for the short-term 

modeling assessment.  

To assess impacts associated with the On-Site Alternative, the AERMOD model was used to predict 

the increase in criteria pollutant concentrations. The maximum modeled incremental increases for 

each pollutant and averaging time were added to applicable background concentrations. With the 

exception of PM2.5, the background concentrations were obtained from NW AIRQUEST, Washington 

State University, for the period 2009 through 2011.11 These consortium values are typically 

recommended for use as background concentration by Ecology in air quality analyses when no 

representative monitoring data is available. The resulting total pollutant concentrations 

(background plus modeled concentration) were then compared with the appropriate NAAQS.  

As described in Section 2.2, Affected Environment, there is a monitoring program for PM2.5 in the 

Longview-Kelso area and the resulting data were used to estimate the background concentration for 

PM2.5. The method for comparing modeled impacts with added background concentrations to each 

NAAQS is dependent on the form of the standard, and thus varies by pollutant and averaging time. 

The differences are footnoted in the comparison tables (Tables 7, 8, and 9). For example, the 1-hour 

NO2 NAAQS is based on the 98th percentile of 1-hour daily maximum concentration (8th highest 1-

hour daily maximum for a full year of hourly values) across the 3 meteorological modeling years 

(2009 through 2011) plus the background concentration. 

Table 7 summarizes the maximum predicted criteria pollutant concentrations due to maintenance 

and operations of the terminal only. This includes the material handling and moving of the coal and 

coal piles, as well as exhaust emissions from mobile source equipment (e.g., loader). In no case are 

the terminal-only estimated emissions in combination with the background concentrations 

anticipated to cause a violation of any NAAQS. The highest incremental impact due to the 

terminal-only operation is the 24-hour PM10 impact, which is 38% of the respective NAAQS.  

                                                      
11 The consortium developed background design value estimates for 2009 through 2011, based on model-monitor 
interpolated products that provide realistic background design value estimates where nearby ambient monitoring 
data are unavailable. The work is sponsored by EPA Regional 10, Ecology, and others. More information about the 
NW AIRQUEST tool can be found at http://www.lar.wsu.edu/nw-airquest/lookup.html.  
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Table 7. AERMOD Modeling Results (Terminal Sources: Maintenance and Operations Equipment)a 

Pollutant 
Averaging 
Period 

Modeled 
Impact 

(µg/m3) 
Backgroundb,c 

(µg/m3) 

Total 
Predicted 

Concentration 
(µg/m3) 

NAAQS 
(µg/m3) 

CO 1 hourd  10.7 827 838 40,000 

8 hourd 4 600 604 10,000 

NO2 1 houre,f  15 56.6 72 188 

Annualf,g 0.4 5.3 6 100 

PM10  24 hourh  57  23  80  150  

PM2.5 24 houri 4.8 17.8 22.6 35 

Annualj 0.2 6.1 6.3 12 

SO2 1 hourk 0.9 14.7 15.6 196 

3 hourl 0.6 11.5 12.1 1,300 

Notes: 
a Terminal sources include emissions from handling coal, coal storage piles, and mobile source exhaust 

emissions from the operation and maintenance of the facility. 
b Background design value estimates for 2009 through 2011, based on model-monitor interpolated products 

(except PM2.5) sponsored by EPA Regional 10, Ecology, and others. From NW AIRQUEST tool Washington State 
University (http://www.lar.wsu.edu/nw-airquest/lookup.html.) 

c PM2.5 background based on Ecology's Kelso Monitor (2012 through 2014). 
d Modeled impact is the highest 2nd high for each calendar year over the 3 modeled years.. 
e The NO2 1-hour modeled impact is the 3-year average of the 98th percentile of 1-hour daily maximum 

concentrations.  
f Modeled NO2 impacts applied the Tier III Ozone Limiting Method (OLM), using an ozone background of 42ppb, 

as per the NW-AIRQUEST tool. For additional information regarding the modeling methodology, see Section 
2.1.2.2, Operations Impact Analysis Approach. 

g The NO2 annual modeled impact is the maximum annual mean over the 3 modeled years. 
h The PM10 24-hour modeled impact is 3-year average of the highest 2nd high concentration. 
i The PM2.5 24-hour modeled impact is the 3-year average of the 98th percentile of 1-hour daily maximum 

concentrations.  
j The PM2.5 annual modeled impact is the 3-year average of the annual mean. 
k  The SO2 1-hour modeled impact is the 3-year average of the 99th percentile of the 1-hour daily maximum 

concentrations. 
l  The SO2 3-hour modeled impact is not to be exceeded more than once per year. 
µg/m3 = micrograms per cubic meter; NAAQS = National Ambient Air Quality Standards; CO = carbon monoxide; 
NO2 = nitrogen dioxide; PM10 = particulate matter less than or equal to10 micrometers in diameter; PM2.5 = 
particulate matter less than or equal to 2.5 micrometers in diameter; SO2 = sulfur dioxide 

Table 8 shows the modeling results for on-site sources (terminal emissions sources, plus cargo 

vessel and train operations while on-site). Locomotive and cargo vessel emissions are the main 

source of NO2 emissions, which has an incremental increase in the 1-hour NO2 concentration that is 

about half of the respective standard. The incremental increase in the 24-hour PM10 is 44% of the 

respective standard. The maximum impacts for each pollutant plus the maximum background show 

total concentrations below the NAAQS for all criteria air pollutants.  
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Table 8. AERMOD Modeling Results (On-Site Sources)a 

Pollutant 
Averaging 
Period 

Modeled 
Impact 

(µg/m3) 
Backgroundb,c 

(µg/m3) 

Total Predicted 
Concentration 

(µg/m3) 
NAAQS 

(µg/m3) 

CO 1 hourd 220 827 1,047 40,000 

8 hourd 43 600 643 10,000 

NO2 1 hourd,e 93 56.6 150 188 

Annualf,g 9.0 5.3 14.3 100 

PM10  24 hourh  66  23  89 150  

PM2.5 24 houri 7 17.8 24.8 35 

Annualj 0.6 6.1 6.7 12 

SO2 1 hourk 3 14.7 17.7 196 

3 hourl 2 11.5 13.5 1,300 

Notes: 
a On-site sources include emissions from handling coal, coal storage piles, and mobile source exhaust emissions 

from the operation and maintenance of the facility. 
b Background design value estimates for 2009 through 2011, based on model-monitor interpolated products 

(except PM2.5) sponsored by EPA Regional 10, Ecology, and others. From NW AIRQUEST tool Washington State 
University (http://www.lar.wsu.edu/nw-airquest/lookup.html.) 

c PM2.5 background based on Ecology's Kelso Monitor (2012 through 2014). 
d Modeled impact is the highest 2nd high for each calendar year over the 3 modeled years. 
e The NO2 1-hour modeled impact is the 3-year average of the 98th percentile of 1-hour daily maximum 

concentrations.  
f Modeled NO2 impacts applied the Tier III Ozone Limiting Method (OLM), using an ozone background of 42ppb, 

as per the NW-AIRQUEST tool. For additional information regarding the modeling methodology, see Section 
2.1.2.2, Operations Impact Analysis Approach. 

g The NO2 annual modeled impact is the maximum annual mean over the 3 modeled years. 
h The PM10 24-hour modeled impact is 3-year average of the highest 2nd high concentration. 
i The PM2.5 24-hour modeled impact is the 3-year average of the 98th percentile of 1-hour daily maximum 

concentrations.  
j The PM2.5 annual modeled impact is the 3-year average of the annual mean. 
k  The SO2 1-hour modeled impact is the 3-year average of the 99th percentile of the 1-hour daily maximum 

concentrations. 
l  The SO2 3-hour modeled impact is not to be exceeded more than once per year. 
µg/m3 = micrograms per cubic meter; NAAQS = National Ambient Air Quality Standards; CO = carbon monoxide; 
NO2 = nitrogen dioxide; PM10 = particulate matter less than or equal to 10 micrometers in diameter; PM2.5 = 
particulate matter less than or equal to 2.5 micrometers in diameter; SO2 = sulfur dioxide 

Table 9 shows the modeling results for all on-site sources and off-site sources (vessels arriving and 

departing from the terminal, assist tugs, plus trains arriving and departing from the terminal, to 

approximately 5 miles out). These results are similar to the on-site sources. The largest increase as a 

percentage of the NAAQS is the NO2 concentration due to operation of the cargo vessels and 

locomotives. Again, in all cases the maximum impacts for each pollutant plus the maximum 

background show total concentrations below the NAAQS for all criteria air pollutants.  
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Table 9. AERMOD Modeling Results (On-Site and Off-Site Sources) 

Pollutant 
Averaging 
Period 

Modeled Impact 
(µg/m3) 

Backgrounda,b 
(µg/m3) 

Total Predicted 
Concentration 

(µg/m3) 
NAAQS 

(µg/m3) 

CO 1 hourc 346 827 1,173 40,000 

8 hourc 97 600 697 10,000 

NO2 1 hourc,d  93 56.6 150 188 

Annuale,f 10 5.3 15.3 100 

PM10  24 hourg  66 23  89 150 

PM2.5 24 hourh 7 17.8 24.8 35 

Annuali 0.7 6.1 6.8 12 

SO2 1 hourj 10 14.7 24.7 196 

3 hourk 10 11.5 21.5 1,300 

Notes: 
a Background design value estimates for 2009 through 2011, based on model-monitor interpolated products 

(except PM2.5) sponsored by EPA Regional 10, Ecology, and others. Source: NW AIRQUEST tool Washington 
State University (http://www.lar.wsu.edu/nw-airquest/lookup.html.) 

b PM2.5 background based on Ecology's Kelso Monitor (2012 through 2014). 
c Modeled impact is the highest 2nd high for each calendar year over the 3 modeled years. 
d The NO2 1-hour modeled impact is the 3-year average of the 98th percentile of 1-hour daily maximum 

concentrations.  
e Modeled NO2 impacts applied the Tier III Ozone Limiting Method (OLM), using an ozone background of 42ppb, 

as per the NW-AIRQUEST tool. For additional information regarding the modeling methodology, see Section 
2.1.2.2, Operations Impact Analysis Approach. 

f The NO2 annual modeled impact is the maximum annual mean over the 3 modeled years. 
g The PM10 24-hour modeled impact is 3-year average of the highest 2nd high concentration. 
h The PM2.5 24-hour modeled impact is the 3-year average of the 98th percentile of 1-hour daily maximum 

concentrations.  
i The PM2.5 annual modeled impact is the 3-year average of the annual mean. 
k  The SO2 1-hour modeled impact is the 3-year average of the 99th percentile of the 1-hour daily maximum 

concentrations. 
l  The SO2 3-hour modeled impact is not to be exceeded more than once per year. 
µg/m3 = micrograms per cubic meter; NAAQS = National Ambient Air Quality Standards; CO = carbon monoxide; 
NO2 = nitrogen dioxide; PM10 = particulate matter less than or equal to 10 micrometers in diameter; PM2.5 = 
particulate matter less than or equal to 2.5 micrometers in diameter; SO2 = sulfur dioxide 

3.2 Off-Site Alternative  
This section describes the potential impacts in the study area as a result of construction and 

operation of the Off-Site Alternative. As noted in Section 1.3, Study Area, air emissions are 

aggregated and regulated at a larger scale than a localized study area. Therefore, the direct and 

indirect impacts of the On-Site Alternative are combined. 

3.2.1 Construction 

Construction of the Off-Site Alternative would have the same construction activity levels and 

emissions sources as the On-Site Alternative. Therefore, estimated maximum daily and annual 

construction emissions would be similar to the On-Site Alternative, which were estimated to be well 

below the de minimis levels established by EPA. This means that although emissions of criteria 

pollutants would occur, they would not be expected to cause a substantial change in air quality and 

are unlikely to adversely affect sensitive receptors near the project area.  
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3.2.2 Operations 

The Off-Site Alternative would have the similar direct and indirect impacts on air quality as the On-

Site Alternative during operations. Operations activity levels and emission sources within the 

project area would be the same as the On-Site Alternative. Emissions from project-related trains 

outside the project area but within the study area would increase approximately 7% because 

project-related trains would travel approximately 0.5 mile further on the Reynolds Lead to the 

project area for the Off-Site Alternative than project-related trains under the On-Site Alternative. 

Vessel transport was estimated to be the largest source of emissions during operations for the On-

Site Alternative. Under the Off-Site Alternative, vessel transport in the study area would be 

approximately 13% lower than vessel emissions for the On-Site Alternative because vessels would 

not need to travel as far upriver as the On-Site Alternative. Using the findings from the On-Site 

Alternative analysis and the findings in this section for the Off-Site Alternative, the maximum 

impacts for each pollutant plus maximum background concentrations under the Off-Site Alternative 

are anticipated to be below the NAQQS for all criteria pollutants.  

3.3 No-Action Alternative 
Expanded bulk terminal operations and maintenance would result in emissions of air pollutants. 

The Applicant has identified planned future rail and vessel operations for the No-Action Alternative. 

Emissions were estimated assuming that current and future operations would result in two daily 

trains arriving and departing the facility with an average rail car length of 30 cars carrying bulk 

product. Each train would be composed of two locomotives with an average of 26 vessels arriving 

and departing each year. In addition, truck haul emissions associated with the transport to the 

nearby Weyerhaeuser facility are included. The estimated emissions are shown in Table 10. The 

most emissions for any single air pollutant would be NOX at 4.4 tons per year. These emissions 

would be lower than those of the proposed export terminal, which were shown to not to not cause a 

substantial change in air quality or adversely affect nearby sensitive receptors. Therefore, air quality 

impacts under the No-Action Alternative would not be adverse. 

Table 10. No-Action Alternative Annual Average Emissions from Rail, Vessel, and Haul Trucks 

Source 

Maximum Annual Average Emissions (tpy) 

NOx CO VOCs SO2 TSP PM10 PM2.5 HAPs DPM 

Locomotive Combustion 3.1 1.4 0.11 0.01 0.08 0.07 0.06 0.01 0.06 

Vessel Combustion 1.1 2.6 0.63 0.19 0.08 0.06 0.06 0.003 0.02 

Haul Trucks  0.2 0.1 0.02 0.002 0.04 0.04 0.01 0.001 0.04 

Total 4.4 4.1 0.76 0.20 0.20 0.17 0.13 0.014 0.12 

Notes: 
tpy = tons per year; NOx = nitrogen oxide; CO = carbon monoxide; VOCs = volatile organic compounds; SO2 = sulfur 
dioxide; PM10 = particulate matter less than or equal to 10 micrometers in diameter; PM2.5 = particulate matter 
less than or equal to 2.5 micrometers in diameter; TSP = total suspended particles; HAPs = hazardous air 
pollutants; DPM = diesel particulate matter 
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Chapter 4 
Required Permits 

The following permit would be required in relation to air quality for the On-Site Alternative or Off-

Site Alternative.  

 Notice of Construction—Southwest Clean Air Agency. Businesses and industries that cause, 

or have the potential to cause, air pollution are required to receive approval from the local air 

agency prior to beginning construction. These are requirements of Washington’s Clean Air Act 

and apply statewide (Chapter 70.94 RCW). Businesses located in Cowlitz County are regulated 

by the SWCAA. SWCAA rules generally require an air permit for a stationary sources emitting 

more than 0.75 ton per year of PM10 or 0.5 ton per year for PM2.512. It is anticipated that these 

levels would be exceeded and the Applicant would need to file a permit application and receive 

an approved Notice of Construction air permit prior to constructing, installing, establishing, or 

modifying any equipment or operations that may emit air pollution. 

 

                                                      
12 Other criteria pollutants have higher emission threshold levels.  

https://apps.leg.wa.gov/rcw/default.aspx?cite=70.94
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APPENDIX A1
CONSTRUCTION EMISSIONS

SUMMARY

Construction Emissions (tpy) [Maximum per Year]

Source NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2e CO2 CH4 N2O

COMBUSTION SOURCES
Equipment (On-site) 24.6 9.04 2.23 0.95 2.34 1.93 1.93 4.55E-02 5,035 5,025.67 2.47E-01 1.22E-02

Haul Trucks (Off-site)
1

9.37 2.04 0.41 0.03 0.54 0.44 0.31 0.010 3,161 3,159 5.91E-02 2.87E-03

Haul Trucks (On-site)
1

4.06 0.88 0.18 0.01 0.23 0.19 0.13 0.004 1,369 1,368 2.56E-02 1.24E-03

Haul Trucks idle (On-site)
2

0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0 0.00E+00 0.00E+00

Passenger Commute Vehicles (off-site) 0.51 7.38 0.13 0.01 - 0.22 0.04 - 1485.28 1482.77 0.02 0.01

Crossing Delay (Off-Site) 0.0126 0.0798 0.0025 0.0001 - 0.0015 0.0006 0.0010 - - - -

Barges (Off-site) 59.04 15.68 1.51E+00 2.77E-02 1.29E+00 1.06E+00 1.06E+00 7.90E-02 3,050 3,044 1.49E-01 7.38E-03

Trains:

Combustion (Off-site) 18.48 8.06 0.64 2.85E-02 4.79E-01 3.94E-01 3.82E-01 8.57E-02 3,125 3,095 2.42E-01 7.88E-02

Combustion (On-site) 0.71 3.11E-01 2.45E-02 1.10E-03 1.85E-02 1.52E-02 1.47E-02 3.31E-03 121 119 9.35E-03 3.04E-03

Highest Combination for Transport (Trucks) - Combustion Only

Total - Onsite only 28.6 9.9 2.41 0.97 2.58 2.12 2.06 4.99E-02 6,404 6,393 0.27 1.34E-02
Total - All Construction Sources in County 38.5 19.4 2.95 1.00 3.11 2.78 2.41 6.12E-02 11,051 11,035 0.35 2.34E-02

Total combustin 

FUGITIVE SOURCES
Controlled Fugitive Earthwork - - - - 12.00 5.87 1.22 - - - - -

Total Fugitive Sources - - - - 12.00 5.87 1.22 - - - - -

Highest Combination for Transport (Trucks) - All Sources

Total - Onsite only 28.6 9.9 2.41 0.97 14.58 7.99 3.28 4.99E-02 6,404 6,393 0.27 1.34E-02
Total - All Construction Sources in County 38.5 19.4 2.95 1.00 15.11 8.65 3.64 6.12E-02 11,051 11,035 0.35 2.34E-02

General	Conformity	de	minimis 	levels	for	ozone	mainte 100 100 100 100 100 100
Note:
1
 For Haul truck TSP & HAPs, use same emission ratio as emission factor ratios for Large Diesel Engines (below): PM 10 and PM2.5 ratio to TSP; HAPs ratio to CO. 

2
 See assumptions for surrogate idle/onsite in Tab A4 Material Transfer by Truck

INPUT DATA:

Major Construction Activities and Typical Equipment Fleets

Max Qty. Duration Max Qty. Duration Max Qty. Duration

per Month (months) per Month (months) per Month (months)

Mobile Cranes (25-50t)
1

Mobile Cranes (50-150t)
1

Mobile Cranes (150-300t)
1

Water Trucks
2

1 12 1 12 0 0

Dump Trucks 3 12 1 12 0 0

Dozers 1 5 0 0 0 0

Excavators
3

1 9 2 12 1 3

Rollers 2 9 2 12 1 3

Graders 2 9 0 0 1 3

Compactors 2 9 2 12 1 3

Track Laying Machine 1 6 0 0 0 0

Drill Rigs 1 2 2 6 0 0

Impact Piling Rigs 2 6 2 6 2 6

Loaders
4

1 12 1 12 1 9

River Barge 0 0 0 0 2 18

Generator 2 18 2 18 2 18

Air Compressor 2 18 2 18 2 18

Source: MBTL, Noise Resource Report , Appendix D-1 (URS, June 2014).

NOTES:
1
 Mobile cranes to be shared between the 3 areas. - removed here because not all material is onsite so crane work may not start the first year.

2
 Water truck to be shared between the 2 land areas.

3
 Excavators to be shared between the 3 areas.

4
 Loaders to be shared between the 3 areas.

Typical construction fleet may be modified with equivalent items as construction activities demand

Assume entire construction period for all 3 areas is: 18 months total

5 days/week

Construction Equipment Type
Rail Infrastructure and Rotary Car 

Dump Station

Conveyors, Transfer Stations and 

Surge Bins
Shiploader, Dock, and Trestles

URS O:\25696419\MBTL_AirQuality_TechReport_Appendix_aha.xlsx\A1  Construction TPY (ICF) 9/23/2016



ONSITE EQUIPMENT (NON-BARGE) EMISSIONS

Note:  using NONRoad T/Y as calculated which may assume 24/7, so conservative.

Maximum Units EPA NONROAD EPA NONROAD model combustion emission factor (tons/yr per unit)

Equipment Type Engine Size (hp) Fuel Onsite (per year) SCC Number THC-Exhaust    CO-Exhaust     NOx-Exhaust    CO2-Exhaust    SO2-Exhaust    PM-Exhaust     

Crane, 50 ton 165 Diesel 0 2270002045 5.15E-02 1.65E-01 6.50E-01 120.43 2.38E-02 5.04E-02

Crane, 150 ton 280 Diesel 0 2270002045 7.69E-02 2.12E-01 9.99E-01 201.70 3.88E-02 6.33E-02

Crane, 300 ton 450 Diesel 0 2270002045 8.22E-02 3.69E-01 1.44E+00 215.37 4.28E-02 7.47E-02

Water Trucks 350 Diesel 1 2270002051 3.06E-02 9.01E-02 3.12E-01 108.922 1.86E-02 3.49E-02

Dump Trucks 350 Diesel 4 See Notes 3.06E-02 9.01E-02 3.12E-01 108.922 1.86E-02 3.49E-02
Dozers 185 Diesel 0.4 2270002069 1.66E-01 8.15E-01 1.96E+00 437.06 8.46E-02 2.35E-01

Excavators 230 Diesel 2 2270002036 3.15E-01 1.24E+00 3.65E+00 977.30 1.79E-01 3.62E-01

Rollers 350 Diesel 3.8 2270002015 4.20E-02 1.70E-01 5.19E-01 110.57 2.12E-02 4.42E-02

Graders 185 Diesel 1.8 2270002048 5.49E-02 2.71E-01 6.48E-01 146.26 2.83E-02 7.85E-02

Compactors 25 Diesel 3.8 2270002009 2.47E-04 1.15E-03 2.15E-03 0.26 5.65E-05 1.78E-04

Track Laying Machine See Notes Diesel 0.5 See Notes 1.96E-01 9.29E-01 2.35E+00 459.49 9.05E-02 2.51E-01
Drill Rigs NONROAD Default Diesel 1.2 2270002033 4.12E-02 1.48E-01 5.47E-01 62.90 1.27E-02 3.29E-02

Impact Piling Rigs NONROAD Default Diesel 3 2270002033 4.12E-02 1.48E-01 5.47E-01 62.90 1.27E-02 3.29E-02
Loaders 140 Diesel 1 2270002060 1.96E-01 9.29E-01 2.35E+00 459.49 9.05E-02 2.51E-01

Generator 30 Diesel 6 2270006005 1.10E-01 4.39E-01 1.00E+00 119.95 2.48E-02 8.80E-02

Air Compressor 25 Diesel 6 2270006015 2.27E-04 1.17E-03 2.23E-03 0.29 6.30E-05 1.77E-04

NOTES:

Assume Dump Truck size/emissions same as Water Truck.

Assume Track Laying Machine uses 1 diesel locomotive  and 1 front end loader engine (Harsco Rail, New Track Construction). Assume full-time locomotive used 4 hrs/day, 5 days/wk.

Horsepower and weight estimates based on capacity ratings and industry specifications, or average ratings per equipment type.  Where hp could not be assumed, an average hp rate in NONROAD for the equipment type was used. 

Emission Rates for Onsite Equipment (tpy)
NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Crane, 50 ton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0 0.0000 0.0000 0

Crane, 150 ton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0 0.0000 0.0000 0

Crane, 300 ton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0 0.0000 0.0000 0

Water Trucks 0.31 0.09 0.03 0.02 0.03 0.03 0.03 0.000 109 0.0053 0.0003 109

Dump Trucks 1.25 0.36 0.12 0.07 0.14 0.11 0.11 0.002 436 0.0214 0.0011 437

Dozers 0.82 0.34 0.07 0.04 0.10 0.08 0.08 0.002 182 0.0089 0.0004 182

Excavators 7.30 2.48 0.63 0.36 0.72 0.60 0.60 0.012 1955 0.0960 0.0047 1958

Rollers 1.95 0.64 0.16 0.08 0.17 0.14 0.14 0.003 415 0.0204 0.0010 415

Graders 1.13 0.47 0.10 0.05 0.14 0.11 0.11 0.002 256 0.0126 0.0006 256

Compactors 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.000 1 0.0000 0.0000 1

Track Laying Machine 1.17 0.46 0.10 0.05 0.13 0.10 0.10 0.002 230 0.0113 0.0006 230

Drill Rigs 0.64 0.17 0.05 0.01 0.04 0.03 0.03 0.001 73 0.0036 0.0002 74

Impact Piling Rigs 1.64 0.44 0.12 0.04 0.10 0.08 0.08 0.002 189 0.0093 0.0005 189

Loaders 2.35 0.93 0.20 0.09 0.25 0.21 0.21 0.005 459 0.0226 0.0011 460

Generator 6.02 2.63 0.66 0.15 0.53 0.43 0.43 0.013 720 0.0353 0.0017 721

Air Compressor 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.000 2 0.0001 0.0000 2

Total Onsite Construction Equipment (tpy) 24.6 9.0 2.23 0.95 2.34 1.93 1.93 0.05 5026 0.25 0.01 5035

Note:

For PM10, PM2.5, HAPs, and GHGs (CH4 and N2O), use same emission ratio as emission factor ratios for Large Diesel Engines (below): PM 10 and PM2.5 ratio to TSP; HAPs ratio to CO, and; GHGs ratio to CO 2. 

BARGE EMISSIONS

Barges for Construction 2

Engine Size (propulsion) 3500 hp

Total Barge Engines 7000 hp (Maximum # Units per year))

Barge Positioning Time 1 hrs/ship (in-out) (Conservative estimate)

Total Power per "Trip" 7,000                     hp-hrs

Construction Trips: 2.90 per day (assume 2/3 of material imported during first year)

753 per year

Annual Power 5,271,666              hp-hrs/yr

Annual Diesel Fuel Use 36,902                   MMBtu/yr

270,095                 gallons/yr

Emission Factors for Barges

lb/MMBtu, fuel input

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Large Diesel Engines 3.20 0.8500 0.0819 0.002 0.07 0.06 0.06 0.00428 165 0.0081 0.0004 165

Source:

Emission factors from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines  (10/96). Assume Sulfur content of 0.0015% by weight (15 ppm). Assume TSP to PM10 ratio from Table 3.4-2, and PM2.5=PM10. Sum of HAPs factors from Table 3.4-3 and 3.4-4.
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Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Emission Rates for Barges (tpy)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Construction - Barges 59.0 15.68 1.51 0.03 1.29 1.06 1.06 0.08 3044 0.15 0.007 3050

FUGITIVE DUST EMISSIONS

Methodology based on EPA AP-42 Chapter 13.2.3 Heavy Construction Operations

Assumed acreage for groundwork 100 acres

Assumed schedule for groundwork 1 year

12 months

Annual Groundwork Operations 8.33 acres/month

AP-42 Emission Factor 1.2 tons PM/acre/month

Uncontrolled PM Emissions: 120.0 tons

Controlled Emissions (assume watering only; no factor included for natural control from precipitation):

Control %: 90 WRAP Fugitive Dust Handbook, Table 9-4, Watering.

PM10 and PM2.5 Fractions of Total PM

(CARB Appendix A CEIDARS PM2.5 and PM10 fractions of TSP; Fugitive Dust - Construction and Demolition )

(http://www.aqmd.gov/docs/default-source/ceqa/handbook/localized-significance-thresholds/particulate-matter-(pm)-2.5-significance-thresholds-and-calculation-methodology/appendix-a-updated-ceidars-table-with-pm2-5-fractions.doc?sfvrsn=2)

PM10 Fraction of Total PM 0.489

PM2.5 Fraction of Total PM 0.102

Emission Rates for Fugitive Dust (tpy)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Construction - Fugitive Dust - - - - 12.00 5.87 1.22 - - - - -
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APPENDIX A2
CONSTRUCTION EMISSIONS

SUMMARY

Construction Emissions (lb/day) [Maximum daily]

Source NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2e CO2 CH4 N2O DPM

COMBUSTION SOURCES
Equipment (On-site) 229.6 82.89 20.39 8.67 21.49 17.66 17.66 0.42 45,519 45,431 2.23 0.11 21.49

Haul Trucks (Off-site)
1

110.48 24.00 4.81 0.33 6.34 5.21 3.66 0.12 37,259 37,232 6.96E-01 3.39E-02 6.34

Haul Trucks (On-site and project study area)
1

54.7 14.4 3.1 0.2 6.1 5.0 2.6 0.1 18236.0 18,214 0.5 0.0 6.12

Passenger Commute Vehicles (off-site) 1.36 19.60 0.34 0.03 0.57 0.57 0.11 - 3944.46 3,938 0.04 0.02 -

Crossing Delay (Off-Site)
3

0.07 0.44 0.01 0.00 0.01 0.01 0.003 0.01 - - - - -

Barges (Off-site) 454.7 120.79 11.64 0.21 9.90 8.14 8.14 0.61 23,492 23,446.50 1.15E+00 5.68E-02 9.90

1
 For Haul truck TSP & HAPs, use same emission ratio as emission factor ratios for Large Diesel Engines (below): PM10 and PM2.5 ratio to TSP; HAPs ratio to CO. 

2
 See assumptions for surrogate idle/onsite in Tab A4 Material Transfer by Truck

3
 Original assumption was 1 min/day for each of the 365 days, so T/Y value was divided bye 365 to get value per day.

INPUT DATA:

Major Construction Activities and Typical Equipment Fleets

Max Qty. Duration Max Qty. Duration Max Qty. Duration

per Month (months) per Month (months) per Month (months)

Mobile Cranes (25-50t)
1

Mobile Cranes (50-150t)
1

Mobile Cranes (150-300t)
1

Water Trucks
2

1 12 1 12 0 0

Dump Trucks 3 12 1 12 0 0

Dozers 1 5 0 0 0 0

Excavators
3

1 9 2 12 1 3

Rollers 2 9 2 12 1 3

Graders 2 9 0 0 1 3

Compactors 2 9 2 12 1 3

Track Laying Machine 1 6 0 0 0 0

Drill Rigs 1 2 2 6 0 0

Impact Piling Rigs 2 6 2 6 2 6

Loaders
4

1 12 1 12 1 9

River Barge 0 0 0 0 2 18

Generator 2 18 2 18 2 18

Air Compressor 2 18 2 18 2 18

Source: MBTL, Noise Resource Report , Appendix D-1 (URS, June 2014).

NOTES:
1
 Mobile cranes to be shared between the 3 areas. - removed here because not all material is onsite so crane work may not start the first year.

2
 Water truck to be shared between the 2 land areas.

3
 Excavators to be shared between the 3 areas.

4
 Loaders to be shared between the 3 areas.

Typical construction fleet may be modified with equivalent items as construction activities demand

Assume entire construction period for all 3 areas is: 18 months total

5 days/week

ONSITE EQUIPMENT (NON-BARGE) EMISSIONS

Maximum Units EPA NONROAD EPA NONROAD model combustion emission factor (tons/yr per unit)

Equipment Type Engine Size (hp) Fuel
Onsite (per max 

day)
SCC Number THC-Exhaust    CO-Exhaust     NOx-Exhaust    CO2-Exhaust    SO2-Exhaust    PM-Exhaust     

Crane, 50 ton 165 Diesel 0 2270002045 5.15E-02 1.65E-01 6.50E-01 120.43 2.38E-02 5.04E-02

Crane, 150 ton 280 Diesel 0 2270002045 7.69E-02 2.12E-01 9.99E-01 201.70 3.88E-02 6.33E-02

Crane, 300 ton 450 Diesel 0 2270002045 8.22E-02 3.69E-01 1.44E+00 215.37 4.28E-02 7.47E-02

Water Trucks 350 Diesel 1 2270002051 3.06E-02 9.01E-02 3.12E-01 108.922 1.86E-02 3.49E-02

Dump Trucks 350 Diesel 4 See Notes 3.06E-02 9.01E-02 3.12E-01 108.922 1.86E-02 3.49E-02
Dozers 185 Diesel 1.0 2270002069 1.66E-01 8.15E-01 1.96E+00 437.06 8.46E-02 2.35E-01

Excavators 230 Diesel 2 2270002036 3.15E-01 1.24E+00 3.65E+00 977.30 1.79E-01 3.62E-01

Rollers 350 Diesel 5.0 2270002015 4.20E-02 1.70E-01 5.19E-01 110.57 2.12E-02 4.42E-02

Graders 185 Diesel 3.0 2270002048 5.49E-02 2.71E-01 6.48E-01 146.26 2.83E-02 7.85E-02

Compactors 25 Diesel 5.0 2270002009 2.47E-04 1.15E-03 2.15E-03 0.26 5.65E-05 1.78E-04

Track Laying Machine
5 See Notes Diesel 0.5 See Notes 1.96E-01 9.29E-01 2.35E+00 459.49 9.05E-02 2.51E-01

Drill Rigs NONROAD Default Diesel 3.0 2270002033 4.12E-02 1.48E-01 5.47E-01 62.90 1.27E-02 3.29E-02

Impact Piling Rigs NONROAD Default Diesel 6 2270002033 4.12E-02 1.48E-01 5.47E-01 62.90 1.27E-02 3.29E-02

Construction Equipment Type
Rail Infrastructure and Rotary Car 

Dump Station

Conveyors, Transfer Stations and 

Surge Bins
Shiploader, Dock, and Trestles



Loaders 140 Diesel 1 2270002060 1.96E-01 9.29E-01 2.35E+00 459.49 9.05E-02 2.51E-01

Generator 30 Diesel 6 2270006005 1.10E-01 4.39E-01 1.00E+00 119.95 2.48E-02 8.80E-02

Air Compressor 25 Diesel 6 2270006015 2.27E-04 1.17E-03 2.23E-03 0.29 6.30E-05 1.77E-04

NOTES: 15.07692308

Assume Dump Truck size/emissions same as Water Truck.
5
 Assume Track Laying Machine uses 1 diesel locomotive  and 1 front end loader engine (Harsco Rail, New Track Construction). Assume full-time locomotive used 4 hrs/day, 5 days/wk.

If max hour is needed, this should be 1.

Horsepower and weight estimates based on capacity ratings and industry specifications, or average ratings per equipment type.  Where hp could not be assumed, an average hp rate in NONROAD for the equipment type was used. 

factor to convert to lb/day (2000lb/T)/(5 day/week * 52 week/year) 7.692307692

Emission Rates for Onsite Equipment (lb/day)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Crane, 50 ton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0 0.0000 0.0000 0

Crane, 150 ton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0 0.0000 0.0000 0

Crane, 300 ton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0 0.0000 0.0000 0

Water Trucks 2.40 0.69 0.24 0.14 0.27 0.22 0.22 0.003 838 0.0411 0.0020 839

Dump Trucks 9.59 2.77 0.94 0.57 1.07 0.88 0.88 0.014 3351 0.1645 0.0081 3358

Dozers 15.10 6.27 1.28 0.65 1.81 1.48 1.48 0.032 3362 0.1650 0.0082 3369

Excavators 56.12 19.09 4.85 2.76 5.58 4.58 4.58 0.096 15035 0.7381 0.0364 15065

Rollers 19.97 6.54 1.61 0.81 1.70 1.40 1.40 0.033 4253 0.2088 0.0103 4261

Graders 14.95 6.25 1.27 0.65 1.81 1.49 1.49 0.031 3375 0.1657 0.0082 3382

Compactors 0.08 0.04 0.01 0.00 0.01 0.01 0.01 0.000 10 0.0005 0.0000 10

Track Laying Machine 9.03 3.57 0.75 0.35 0.96 0.79 0.79 0.018 1767 0.0868 0.0043 1771

Drill Rigs 12.63 3.41 0.95 0.29 0.76 0.63 0.63 0.017 1452 0.0713 0.0035 1454

Impact Piling Rigs 25.27 6.81 1.90 0.59 1.52 1.25 1.25 0.034 2903 0.1425 0.0070 2909

Loaders 18.06 7.14 1.50 0.70 1.93 1.59 1.59 0.036 3535 0.1735 0.0086 3541

Generator 46.27 20.26 5.07 1.14 4.06 3.34 3.34 0.102 5536 0.2718 0.0134 5547

Air Compressor 0.10 0.05 0.01 0.00 0.01 0.01 0.01 0.000 14 0.0007 0.0000 14

Max Onsite Construction Equipment (lb/day) 229.6 82.9 20.39 8.67 21.49 17.66 17.66 0.42 45431 2.23 0.11 45519

Note:
For PM10, PM2.5, HAPs, and GHGs (CH4 and N2O), use same emission ratio as emission factor ratios for Large Diesel Engines (below): PM10 and PM2.5 ratio to TSP; HAPs ratio to CO, and; GHGs ratio to CO2. 

BARGE EMISSIONS

Barges for Construction 2

Engine Size (propulsion) 3500 hp

Total Barge Engines 7000 hp (Maximum # Units per year))

Barge Positioning Time 1 hrs/ship (in-out) (Conservative estimate for emissions at docking site)

Total Power per "Trip" 7,000                      hp-hrs

Construction Trips: 2.9 max per day (only make deliveries 5 days per week)

Annual Power 20,300                    hp-hrs/day

Annual Diesel Fuel Use 142                         MMBtu/day

1,040                      gallons/day

Emission Factors for Barges

lb/MMBtu, fuel input

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Large Diesel Engines 3.20 0.85 0.08 0.002 0.07 0.06 0.06 0.004 165 0.0081 0.0004 165

Source:

Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Emission Rates for Barges (lb/day)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Construction - Barges 454.7 120.79 11.64 0.21 9.90 8.14 8.14 0.61 23447 1.15 0.057 23492

FUGITIVE DUST EMISSIONS

Methodology based on EPA AP-42 Chapter 13.2.3 Heavy Construction Operations

Assumed acreage for groundwork 100 acres

Assumed schedule for groundwork 1 year

12 months

Emission factors from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Assume Sulfur content of 0.0015% by weight (15 ppm). Assume TSP to PM10 ratio from Table 3.4-2, and PM2.5=PM10. Sum of HAPs factors from Table 3.4-3 and 3.4-4.



Annual Groundwork Operations 8.33 acres/month

AP-42 Emission Factor 1.2 tons PM/acre/month

Uncontrolled PM Emissions: 666.7 lbs /1 day 10 tons for one month

Controlled Emissions (assume watering only; no factor included for natural control from precipitation):

Control %: 90 WRAP Fugitive Dust Handbook, Table 9-4, Watering.

PM10 and PM2.5 Fractions of Total PM

(CARB Appendix A CEIDARS PM2.5 and PM10 fractions of TSP; Fugitive Dust - Construction and Demolition)

(http://www.aqmd.gov/docs/default-source/ceqa/handbook/localized-significance-thresholds/particulate-matter-(pm)-2.5-significance-thresholds-and-calculation-methodology/appendix-a-updated-ceidars-table-with-pm2-5-fractions.doc?sfvrsn=2)

PM10 Fraction of Total PM 0.489

PM2.5 Fraction of Total PM 0.102

Emission Rates for Fugitive Dust (lb/day)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Construction - Fugitive Dust - - - - 66.67 32.60 6.80 - - - - -



Operations Commuter Emissions (tpy)

2018 NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2e CO2 CH4 N2O DPM

Passenger Commute Vehicles, Operations (off-site) 7.34E-02 1.06E+00 1.81E-02 1.52E-03 - 3.10E-02 5.90E-03 - 213 212.38 2.24E-03 1.02E-03 -

2028

Passenger Commute Vehicles - Operations (off-site) 3.66E-02 1.07E+00 1.23E-02 1.97E-03 - 5.40E-02 9.07E-03 - 275 274.24 2.19E-03 1.60E-03 -

Crossing Delay (Off-Site) 9.78E-02 9.73E-01 2.36E-02 1.36E-03 - 2.75E-02 6.58E-03 9.19E-03 - - - - -

sum 0.13 2.05 0.04 0.0033 - 0.08 0.02 0.01 274.77 274.24 0.0022 0.00160

2038

Passenger Commute Vehicles Operations (off-site) 1.71E-02 4.67E-01 4.84E-03 1.05E-03 - 4.06E-02 7.77E-03 - 158 157.88 6.36E-04 9.90E-04 -

Crossing Delay (Off-Site) 2.87E-02 2.91E-01 7.83E-03 5.36E-04 - 1.15E-02 2.38E-03 3.06E-03 - - - - -



Material Haul Traffic

Assume Peak Year Truck Haul Traffic is 56,000 Round Trips (MTBL Supplementary Traffic Report Construction Traffic Analysis, March 2015)

Peak trips per day is capped at 330 trips  (MTBL Supplementary Traffic Report Construction Traffic Analysis, March 2015)

Number Miles (RT)
1

miles/year

Haul Trucks Freeway @ 55mph 56000 32.8 1836800

SR432 @ 35mph 56000 14.2 795200

miles/day

Haul Truck Freeway @ 55mph 330 32.8 10824

SR432 @ 35mph 330 14.2 4686
1
16.4 miles on the I-5 and 7.1 miles on WA-432 to MBTL

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O CO2eq

2018

Construction Annual T/year

Combo Short Haul Truck @ 55mph 9.37 0.44 0.31 0.03 2.04 0.41 3159.07 0.06 0.00 3161.40

Combo Short Haul Truck @ 35mph 4.06 0.19 0.13 0.01 0.88 0.18 1367.65 0.03 0.00 1368.66

Total: 13.43 0.63 0.44 0.04 2.92 0.58 4526.72 0.08 0.00 4530.06

Construction Max Day lbs/day

Combo Short Haul Truck @55 mph 110 5.2 3.7 0.3 24.0 4.8 37232 0.7 0.0 37259

Combo Short Haul Truck @ 35mph 55 5.0 2.6 0.2 14.4 3.1 18214 0.5 0.0 18236

Total: 165 10.2 6.3 0.5 38.4 7.9 55446 1.2 0.1 55495

Factors:

453.59 g/lb

2000 lbs/ton

5280 ft/mile

3.78541 l/gal
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

MOVES factors (g/mile) for surrogate idle were based on 2.5 mi/hr travel.  So to get g/hr, multiply by 2.5 mi/hr.  For onsite/idle, assume 0.25 hr.  So factor is 2.5/.25 to get grams/trip.

mi/hr 2.5

hr 0.25

factor for 1/2 hr idle/trip 10

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O Benzene Form CO2eq

2018
Short Haul Combo - diesel @ 55mph 

(Rural restricted) 4.63 0.22 0.15 0.01 1.01 0.20 1560.24 0.03 0.00 0.00 0.02 1561.39
Short Haul Combo - diesel @ 35mph 

(Urban un-restricted) 5.30 0.49 0.26 0.02 1.39 0.30 1763.06 0.05 0.00 0.00 0.03 1765.19
Short Haul Combo - diesel @ idle (Rural 

unrestricted) 6.00 0.42 0.24 0.02 1.48 0.35 1927.59 0.06 0.00 0.00 0.03 1930.06

Mobile Source - Moves run for Cowlitz County, WY, 2018
Emission factors for Truck Exhaust

Emission factors for Truck Exhaust

Emission Factors (gm/mile)



APPENDIX A5 Material Transfer by Rail (annual T/year)
LOCOMOTIVE EMISSIONS

5-year construction schedule (35,000 loaded rail cars)

Unit Trains (cars/train) 100 cars  =Millennium Coal Export Terminal Longview, Washington Traffic and Transportation, Resource Report, September 2014,URS Corporation'

Unit Trains Required 467 Trains/yr  6 trains per month' 'Millennium Coal Export Terminal Longview, Washington Traffic and Transportation, Resource Report, September 2014,URS Corporation'

3 Locomotives/Train (full)

3 Locomotives/Train (empty)

Engine Size: 4400 hp/locomotive

Locomotive Fuel Use: 20.8 bhp-hr/gal (conversion for large line-haul locomotive, Emission Factors for Locomotives, EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009 .)

Fuel Use per Train Full Build-Out

ON SITE

 Loaded Train: 4.6% Percent Load Notch 1 setting and associatedd load @ 6 mph (202 hp) based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

607.2 hp

29 gallons/hr 

Idle Train: 0.25% Percent Load Idle setting and associated load (11 hp) @idle based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

33 hp

2 gallons/hr 

OFF SITE

 Loaded Train: 65.4% Percent Load Notch 6 setting and associatedd load @ 40 mph (2876 hp) based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

8628 hp

415 gallons/hr 

Empty Train: 65.4% Percent Load Assume same notch 6 setting as loaded (conservative)

8628 hp

415 gallons/hr 

Longview Short Line (Longview Switching Company (LSC) Track)

Offsite

Distance from Main Rail Line to Site: 7.10 miles distance from GIS drawings per Danny Stratten (ICF) Feb 2014

Travel Time to Site: 0.71 hrs DKS travel speed average of 10 mph 

Total Power: 5721572 hp-hr/yr

Total Fuel Use: 275076 gallons/yr

Onsite

Onsite loop distance: 8727 ft Per train average loop distance (Drawings 80552-500-GE-DLP-0020_RevA.pdf and 80552-500-ST-DAL-2019-00-RevA.pdf, WorleyParsons)

Travel Distance: 1.65 miles (one loop onsite; does not include dump track time which is operated by electric indexing system)

Time per Train: 1.48 hours time needed to unload the coal from 125 cars scaled from 125 coal cars

Total Power: 220776 hp-hr/yr

Total Fuel Use: 10614 gallons/yr

Total Fuel Use (On and Offsite) 285690 gallons/yr

Emission Factors (2028 full operation)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 National Locomotive Fleet Averag(g/gal) 61 26.6 2.1 0.094 1.58 1.3 1.26 0.28 10217 0.80 0.26 10314

Sources:
1 
NOx, CO, VOC, SO2, PM10, PM2.5 2025 emission factors from: Emission Factors for Locomotives , EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009. Table 5,6,7, Line-Haul Emission Factors. From text: PM 2.5 = 0.97* PM10.

2
SO2 emission factor  using S content of 15 ppm 

3
TSP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Based on ratio of total particulate to PM10 in diesel engines, as given in Table 3.4-2.

4
HAP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Total HAPs from Tables 3.4-3 and 3.4-4, sum of HAPs as indicated by footnote b. For diesel fuel: 7000 Btu/hp-hr.

5Direct Emissions from Mobile Combustion Sources , EPA, Office of Air and Radiation, EPA-430-K-08-004, May 2008. N2O and CH4 from Table A-6.
6
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Electro-Motive Diesel, GE Transportation (http://www.getransportation.com/locomotives/locomotives/ac4400-and-dash-series-

locomotives); GE AC4400CW (4400hp) or ElectroMotive Diesel SD70Ace (4300hp). Also consistent with DKS traffic analysis



Emission Rates (tpy)

Full Build-Out NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Offsite 1.85E+01 8.06E+00 6.36E-01 2.85E-02 4.79E-01 3.94E-01 3.82E-01 8.57E-02 3.10E+03 2.42E-01 7.88E-02 3.12E+03

Onsite 7.13E-01 3.11E-01 2.45E-02 1.10E-03 1.85E-02 1.52E-02 1.47E-02 3.31E-03 1.19E+02 9.35E-03 3.04E-03 1.21E+02

Total 1.92E+01 8.37E+00 6.61E-01 2.96E-02 4.98E-01 4.09E-01 3.97E-01 8.90E-02 3.21E+03 2.52E-01 8.18E-02 3.25E+03



APPENDIX A6 Material Transfer by Rail (Max Day)
LOCOMOTIVE EMISSIONS

5-year construction schedule (35,000 loaded rail cars)

Unit Trains (cars/train) 100 cars  =Millennium Coal Export Terminal Longview, Washington Traffic and Transportation, Resource Report, September 2014,URS Corporation'

Unit Trains Required 1.3 Trains/day  6 trains per month' 'Millennium Coal Export Terminal Longview, Washington Traffic and Transportation, Resource Report, September 2014,URS Corporation'

3 Locomotives/Train (full) Constinet with DKS traffic analysis

3 Locomotives/Train (empty) Constinet with DKS traffic analysis

Engine Size: 4400 hp/locomotive

Locomotive Fuel Use: 20.8 bhp-hr/gal (conversion for large line-haul locomotive, Emission Factors for Locomotives, EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009 .)

Fuel Use per Train Full Build-Out

ON SITE

 Loaded Train: 4.6% Percent Load Notch 1 setting and associatedd load @ 6 mph (202 hp) based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

607.2 hp

29 gallons/hr 

Idle Train: 0.25% Percent Load Idle setting and associated load (11 hp) @idle based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

33 hp

2 gallons/hr 

OFF SITE

 Loaded Train: 65.4% Percent Load Notch 6 setting and associatedd load @ 40 mph (2876 hp) based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

8628 hp

415 gallons/hr 

Empty Train: 65.4% Percent Load Assume same notch 6 setting as loaded (conservative)

8628 hp

415 gallons/hr 

Longview Short Line (Longview Switching Company (LSC) Track)

Offsite

Distance from Main Rail Line to Site: 7.10 miles distance from GIS drawings per Danny Stratten (ICF) Feb 2014

Travel Time to Site: 0.71 hrs DKS travel speed average of 10 mph 

Total Power: 15927 hp-hr/yr

Total Fuel Use: 766 gallons/yr

Onsite

Onsite loop distance: 8727 ft Per train average loop distance (Drawings 80552-500-GE-DLP-0020_RevA.pdf and 80552-500-ST-DAL-2019-00-RevA.pdf, WorleyParsons)

Travel Distance: 1.65 miles (one loop onsite; does not include dump track time which is operated by electric indexing system)

Time per Train: 1.48 hours time needed to unload the coal from 125 cars scaled from 125 coal cars

Total Power: 615 hp-hr/yr

Total Fuel Use: 30 gallons/yr

Total Fuel Use (On and Offsite) 795 gallons/yr

Emission Factors (2028 full operation)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 National Locomotive Fleet Averag(g/gal) 61 26.6 2.1 0.094 1.58 1.3 1.26 0.28 10217 0.80 0.26 10314

Sources:
1 
NOx, CO, VOC, SO2, PM10, PM2.5 2025 emission factors from: Emission Factors for Locomotives , EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009. Table 5,6,7, Line-Haul Emission Factors. From text: PM 2.5 = 0.97* PM10.

2
SO2 emission factor  using S content of 15 ppm 

3
TSP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Based on ratio of total particulate to PM10 in diesel engines, as given in Table 3.4-2.

4
HAP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Total HAPs from Tables 3.4-3 and 3.4-4, sum of HAPs as indicated by footnote b. For diesel fuel: 7000 Btu/hp-hr.

5Direct Emissions from Mobile Combustion Sources , EPA, Office of Air and Radiation, EPA-430-K-08-004, May 2008. N2O and CH4 from Table A-6.
6
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Electro-Motive Diesel, GE Transportation (http://www.getransportation.com/locomotives/locomotives/ac4400-and-dash-series-

locomotives); GE AC4400CW (4400hp) or ElectroMotive Diesel SD70Ace (4300hp). Also consistent with DKS traffic analysis



Emission Rates (tpy)

Full Build-Out NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Offsite 5.14E-02 2.24E-02 1.77E-03 7.93E-05 1.33E-03 1.10E-03 1.06E-03 2.39E-04 8.62E+00 6.75E-04 2.19E-04 8.70E+00

Onsite 1.98E-03 8.66E-04 6.83E-05 3.06E-06 5.15E-05 4.23E-05 4.10E-05 9.21E-06 3.32E-01 2.60E-05 8.46E-06 3.36E-01

Total 5.34E-02 2.33E-02 1.84E-03 8.23E-05 1.39E-03 1.14E-03 1.10E-03 2.48E-04 8.95E+00 7.01E-04 2.28E-04 9.03E+00



APPENDIX B
CONSTRUCTION - 'NONROAD' MODEL EMISSIONS

 EPA`s NONROAD Emissions Model
Core Model ver 2008a, 07/06/09
Jul 25 11:58:30: 2014
MBTL

2014
Options file used: C:\NONROAD\Projects\MBTL.OPT
Total for year: 2014
Tons/Year
Cnty SubSCC       HP   Population     THC-Exhaust    CO-Exhaust     NOx-Exhaust    CO2-Exhaust    SO2-Exhaust    PM-Exhaust     Crankcase      Hot-Soaks      Diurnal        Displacement   Spillage       RunLoss        TankPerm       HosePerm       FuelCons.      Activity       LF             HPAvg          

53015      2265003070 40 1.70E-03 1.53E-05 5.51E-04 4.18E-05 2.96E-02 6.10E-06 3.06E-06 0.00E+00 1.67E-07 7.96E-07 1.12E-05 6.70E-07 3.74E-07 0.00E+00 0.00E+00 3.01E+00 1.41E+00 7.80E-01 3.50E+01
53015      2265003070 75 6.63E-02 1.04E-03 3.81E-02 2.83E-03 1.92E+00 3.95E-04 1.96E-04 0.00E+00 6.50E-06 8.20E-05 7.25E-04 2.20E-05 1.78E-05 0.00E+00 0.00E+00 1.95E+02 5.49E+01 7.80E-01 5.82E+01
53015      2265003070 100 3.06E-02 8.13E-04 2.98E-02 2.22E-03 1.50E+00 3.09E-04 1.53E-04 0.00E+00 3.00E-06 3.79E-05 5.67E-04 1.72E-05 8.23E-06 0.00E+00 0.00E+00 1.53E+02 2.53E+01 7.80E-01 9.86E+01
53015      2265003070 175 1.19E-01 3.66E-03 1.34E-01 9.98E-03 6.76E+00 1.39E-03 6.90E-04 0.00E+00 1.17E-05 2.43E-04 2.55E-03 4.69E-05 3.20E-05 0.00E+00 0.00E+00 6.88E+02 9.85E+01 7.80E-01 1.14E+02
53015      2265003070 300 1.70E-03 1.14E-04 4.20E-03 3.12E-04 2.11E-01 4.36E-05 2.16E-05 0.00E+00 1.67E-07 7.61E-06 7.99E-05 6.70E-07 4.57E-07 0.00E+00 0.00E+00 2.15E+01 1.41E+00 7.80E-01 2.50E+02
53015      2267002057 40 3.32E-02 5.20E-05 1.84E-03 2.95E-04 1.52E-01 2.95E-06 1.60E-05 6.96E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.26E+01 1.37E+01 6.30E-01 2.90E+01
53015      2267002057 50 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2267002057 75 2.23E-01 3.06E-03 8.60E-02 1.35E-02 2.40E+00 4.67E-05 2.42E-04 5.99E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.58E+02 9.20E+01 6.30E-01 6.59E+01
53015      2267002057 100 1.33E-03 2.21E-05 6.22E-04 9.74E-05 1.74E-02 3.38E-07 1.75E-06 4.33E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.58E+00 5.48E-01 6.30E-01 8.00E+01
53015      2267002057 175 2.65E-02 6.26E-04 1.76E-02 2.76E-03 4.92E-01 9.56E-06 4.94E-05 1.23E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.32E+01 1.10E+01 6.30E-01 1.13E+02
53015      2270002009 6 3.82E+00 2.92E-03 1.94E-02 2.14E-02 2.54E+00 5.47E-04 2.21E-03 3.10E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.25E+02 1.85E+03 4.30E-01 4.94E+00
53015      2270002009 11 1.71E+00 2.26E-03 1.50E-02 1.66E-02 1.97E+00 4.24E-04 1.71E-03 2.40E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.75E+02 8.26E+02 4.30E-01 8.55E+00
53015      2270002009 16 1.04E+00 1.87E-03 8.73E-03 1.63E-02 1.99E+00 4.28E-04 1.35E-03 2.03E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.76E+02 5.02E+02 4.30E-01 1.42E+01
53015      2270002009 25 9.57E-02 2.47E-04 1.15E-03 2.15E-03 2.63E-01 5.65E-05 1.78E-04 2.68E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.33E+01 4.63E+01 4.30E-01 2.04E+01
53015      2270002015 6 4.11E-01 6.24E-04 5.13E-03 4.78E-03 6.57E-01 1.41E-04 4.31E-04 9.20E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.82E+01 3.13E+02 5.90E-01 5.44E+00
53015      2270002015 11 7.72E-01 1.87E-03 1.54E-02 1.43E-02 1.97E+00 4.24E-04 1.29E-03 2.76E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.75E+02 5.87E+02 5.90E-01 8.69E+00
53015      2270002015 16 9.24E-01 2.79E-03 1.51E-02 2.76E-02 3.68E+00 7.91E-04 2.26E-03 4.08E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.26E+02 7.02E+02 5.90E-01 1.36E+01
53015      2270002015 25 1.66E+00 7.28E-03 3.95E-02 7.19E-02 9.60E+00 2.06E-03 5.88E-03 1.06E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.49E+02 1.26E+03 5.90E-01 1.97E+01
53015      2270002015 40 2.37E+00 8.94E-03 4.83E-02 1.58E-01 2.26E+01 4.40E-03 9.69E-03 1.54E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.00E+03 1.80E+03 5.90E-01 3.25E+01
53015      2270002015 50 2.19E+00 1.17E-02 6.31E-02 2.06E-01 2.95E+01 5.74E-03 1.26E-02 2.01E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.61E+03 1.67E+03 5.90E-01 4.58E+01
53015      2270002015 75 2.22E+00 1.88E-02 1.78E-01 2.48E-01 3.97E+01 8.05E-03 2.30E-02 2.40E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.51E+03 1.69E+03 5.90E-01 6.07E+01
53015      2270002015 100 6.07E+00 7.16E-02 7.40E-01 8.22E-01 1.51E+02 2.98E-02 1.10E-01 1.24E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.34E+04 4.62E+03 5.90E-01 8.48E+01
53015      2270002015 175 5.63E+00 8.40E-02 3.99E-01 1.01E+00 1.97E+02 3.89E-02 1.08E-01 1.40E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.74E+04 4.28E+03 5.90E-01 1.32E+02
53015      2270002015 300 1.92E+00 4.20E-02 1.70E-01 5.19E-01 1.11E+02 2.12E-02 4.42E-02 6.31E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.78E+03 1.46E+03 5.90E-01 2.17E+02
53015      2270002015 600 5.70E-01 2.34E-02 1.59E-01 3.93E-01 6.35E+01 1.26E-02 2.72E-02 3.82E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.61E+03 4.33E+02 5.90E-01 4.21E+02
53015      2270002033 11 1.78E-02 2.15E-05 1.41E-04 1.57E-04 1.85E-02 3.97E-06 1.63E-05 2.37E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.64E+00 8.28E+00 4.30E-01 8.00E+00
53015      2270002033 16 2.73E-02 4.94E-05 2.28E-04 4.24E-04 5.15E-02 1.11E-05 3.53E-05 5.57E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.56E+00 1.27E+01 4.30E-01 1.45E+01
53015      2270002033 25 6.15E-02 1.80E-04 8.32E-04 1.54E-03 1.88E-01 4.04E-05 1.29E-04 2.03E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.66E+01 2.87E+01 4.30E-01 2.35E+01
53015      2270002033 40 1.05E+00 2.69E-03 1.22E-02 3.37E-02 4.29E+00 8.78E-04 2.61E-03 3.47E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.80E+02 4.88E+02 4.30E-01 3.15E+01
53015      2270002033 50 1.07E+00 3.91E-03 1.78E-02 4.89E-02 6.24E+00 1.28E-03 3.79E-03 5.05E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.52E+02 4.97E+02 4.30E-01 4.49E+01
53015      2270002033 75 1.73E+00 1.23E-02 6.46E-02 1.23E-01 1.39E+01 2.90E-03 1.19E-02 2.19E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.23E+03 8.06E+02 4.30E-01 6.18E+01
53015      2270002033 100 1.76E+00 1.71E-02 8.67E-02 1.63E-01 1.95E+01 4.00E-03 1.71E-02 3.29E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.72E+03 8.19E+02 4.30E-01 8.51E+01
53015      2270002033 175 2.58E+00 2.85E-02 1.07E-01 3.64E-01 3.99E+01 8.19E-03 2.41E-02 5.39E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.53E+03 1.20E+03 4.30E-01 1.32E+02
53015      2270002033 300 2.25E+00 4.12E-02 1.48E-01 5.47E-01 6.29E+01 1.27E-02 3.29E-02 7.60E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.57E+03 1.05E+03 4.30E-01 2.39E+02
53015      2270002033 600 1.29E+00 4.05E-02 1.88E-01 6.15E-01 6.77E+01 1.38E-02 3.33E-02 7.45E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.99E+03 6.03E+02 4.30E-01 4.47E+02
53015      2270002033 750 3.03E-01 1.42E-02 7.74E-02 2.22E-01 2.45E+01 4.98E-03 1.23E-02 2.60E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.17E+03 1.41E+02 4.30E-01 6.91E+02
53015      2270002033 1000 1.65E-01 1.39E-02 5.50E-02 1.93E-01 1.68E+01 3.42E-03 9.71E-03 2.43E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.49E+03 7.71E+01 4.30E-01 8.69E+02
53015      2270002033 1200 2.73E-03 2.78E-04 1.10E-03 3.85E-03 3.36E-01 6.82E-05 1.94E-04 4.86E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.97E+01 1.27E+00 4.30E-01 1.05E+03
53015      2270002033 2000 5.47E-03 7.93E-04 3.14E-03 1.10E-02 9.59E-01 1.95E-04 5.54E-04 1.39E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.49E+01 2.55E+00 4.30E-01 1.50E+03
53015      2270002036 6 2.05E-02 4.89E-05 3.97E-04 3.77E-04 5.19E-02 1.12E-05 3.22E-05 8.72E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.60E+00 2.24E+01 5.90E-01 6.00E+00
53015      2270002036 11 1.13E-01 3.59E-04 2.91E-03 2.77E-03 3.81E-01 8.20E-05 2.37E-04 6.41E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.38E+01 1.24E+02 5.90E-01 7.97E+00
53015      2270002036 16 2.34E-01 9.77E-04 5.20E-03 9.73E-03 1.30E+00 2.79E-04 7.97E-04 1.73E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.15E+02 2.55E+02 5.90E-01 1.31E+01
53015      2270002036 25 1.04E+00 7.14E-03 3.80E-02 7.11E-02 9.47E+00 2.04E-03 5.83E-03 1.26E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.39E+02 1.14E+03 5.90E-01 2.15E+01
53015      2270002036 40 2.16E+00 1.08E-02 5.30E-02 2.00E-01 3.01E+01 5.62E-03 1.15E-02 2.53E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.66E+03 2.35E+03 5.90E-01 3.30E+01
53015      2270002036 50 1.15E+00 8.01E-03 3.92E-02 1.47E-01 2.23E+01 4.15E-03 8.47E-03 1.87E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.97E+03 1.26E+03 5.90E-01 4.58E+01
53015      2270002036 75 8.92E-01 8.53E-03 8.81E-02 1.30E-01 2.31E+01 4.59E-03 1.10E-02 6.66E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.04E+03 9.74E+02 5.90E-01 6.13E+01
53015      2270002036 100 4.03E+00 5.70E-02 6.74E-01 7.03E-01 1.56E+02 2.98E-02 1.06E-01 8.68E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.38E+04 4.40E+03 5.90E-01 9.17E+01
53015      2270002036 175 1.50E+01 2.76E-01 1.39E+00 3.22E+00 7.88E+02 1.50E-01 4.20E-01 3.99E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.97E+04 1.64E+04 5.90E-01 1.38E+02
53015      2270002036 300 1.10E+01 3.15E-01 1.24E+00 3.65E+00 9.77E+02 1.79E-01 3.62E-01 3.84E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.64E+04 1.20E+04 5.90E-01 2.33E+02
53015      2270002036 600 2.91E+00 1.39E-01 8.58E-01 2.18E+00 4.56E+02 8.75E-02 1.73E-01 1.95E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.03E+04 3.18E+03 5.90E-01 4.11E+02
53015      2270002036 750 9.29E-02 7.56E-03 7.04E-02 1.22E-01 2.55E+01 4.89E-03 9.85E-03 1.05E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.25E+03 1.01E+02 5.90E-01 7.19E+02
53015      2270002036 1000 1.08E-01 1.83E-02 9.27E-02 2.72E-01 3.63E+01 6.98E-03 1.58E-02 2.22E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.21E+03 1.18E+02 5.90E-01 8.84E+02
53015      2270002036 1200 4.10E-03 9.42E-04 4.78E-03 1.40E-02 1.87E+00 3.60E-04 8.15E-04 1.14E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.66E+02 4.48E+00 5.90E-01 1.20E+03
53015      2270002036 2000 4.10E-02 1.39E-02 7.04E-02 2.07E-01 2.76E+01 5.30E-03 1.20E-02 1.69E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.44E+03 4.48E+01 5.90E-01 1.77E+03
53015      2270002036 3000 1.37E-03 6.15E-04 3.12E-03 9.16E-03 1.22E+00 2.35E-04 5.32E-04 7.47E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.08E+02 1.49E+00 5.90E-01 2.35E+03
53015      2270002045 25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270002045 40 1.72E-01 7.55E-04 3.82E-03 1.33E-02 1.88E+00 3.66E-04 7.96E-04 1.53E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.66E+02 1.70E+02 4.30E-01 3.94E+01
53015      2270002045 50 2.73E-03 1.27E-05 6.42E-05 2.24E-04 3.15E-02 6.15E-06 1.34E-05 2.57E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.79E+00 2.71E+00 4.30E-01 4.17E+01
53015      2270002045 75 9.16E-02 7.91E-04 5.87E-03 1.07E-02 1.62E+00 3.30E-04 8.59E-04 1.04E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.43E+02 9.06E+01 4.30E-01 6.40E+01
53015      2270002045 100 8.85E-01 1.04E-02 7.08E-02 1.24E-01 2.16E+01 4.27E-03 1.25E-02 1.80E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.91E+03 8.77E+02 4.30E-01 8.81E+01
53015      2270002045 175 3.33E+00 5.15E-02 1.65E-01 6.50E-01 1.20E+02 2.38E-02 5.04E-02 8.61E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.06E+04 3.30E+03 4.30E-01 1.45E+02
53015      2270002045 300 3.41E+00 7.69E-02 2.12E-01 9.99E-01 2.02E+02 3.88E-02 6.33E-02 1.17E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.78E+04 3.38E+03 4.30E-01 2.38E+02
53015      2270002045 600 2.10E+00 8.22E-02 3.69E-01 1.44E+00 2.15E+02 4.28E-02 7.47E-02 1.36E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.90E+04 2.08E+03 4.30E-01 4.12E+02
53015      2270002045 750 9.02E-02 5.44E-03 3.35E-02 1.01E-01 1.50E+01 2.98E-03 5.42E-03 8.90E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.33E+03 8.93E+01 4.30E-01 6.69E+02
53015      2270002045 1000 2.60E-02 3.56E-03 1.27E-02 5.47E-02 5.70E+00 1.13E-03 2.53E-03 5.50E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.04E+02 2.57E+01 4.30E-01 8.83E+02
53015      2270002045 1200 1.37E-03 2.27E-04 8.08E-04 3.49E-03 3.64E-01 7.23E-05 1.62E-04 3.51E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.22E+01 1.35E+00 4.30E-01 1.07E+03
53015      2270002048 40 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270002048 50 5.47E-03 3.69E-05 1.88E-04 6.67E-04 9.84E-02 1.87E-05 3.90E-05 2.15E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.70E+00 5.26E+00 5.90E-01 4.83E+01
53015      2270002048 75 3.96E-02 3.54E-04 3.56E-03 5.14E-03 8.79E-01 1.76E-04 4.47E-04 3.46E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.77E+01 3.81E+01 5.90E-01 5.95E+01
53015      2270002048 100 3.03E-01 3.80E-03 4.30E-02 4.59E-02 9.52E+00 1.84E-03 6.55E-03 6.11E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.41E+02 2.92E+02 5.90E-01 8.42E+01
53015      2270002048 175 3.10E+00 5.49E-02 2.71E-01 6.48E-01 1.46E+02 2.83E-02 7.85E-02 8.43E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.29E+04 2.98E+03 5.90E-01 1.41E+02
53015      2270002048 300 5.19E+00 1.36E-01 5.51E-01 1.62E+00 4.02E+02 7.51E-02 1.54E-01 1.80E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.56E+04 4.99E+03 5.90E-01 2.31E+02
53015      2270002048 600 5.93E-01 2.19E-02 1.40E-01 3.57E-01 6.80E+01 1.32E-02 2.66E-02 3.27E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.01E+03 5.71E+02 5.90E-01 3.42E+02
53015      2270002048 750 3.55E-02 2.78E-03 2.63E-02 4.68E-02 8.94E+00 1.74E-03 3.57E-03 4.09E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.90E+02 3.42E+01 5.90E-01 7.50E+02
53015      2270002051 175 8.20E-03 2.28E-04 1.04E-03 2.45E-03 7.53E-01 1.36E-04 3.56E-04 2.48E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.66E+01 1.35E+01 5.90E-01 1.61E+02
53015      2270002051 300 7.79E-01 3.06E-02 9.01E-02 3.12E-01 1.09E+02 1.86E-02 3.49E-02 2.22E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.63E+03 1.28E+03 5.90E-01 2.44E+02
53015      2270002051 600 1.65E+00 1.13E-01 5.80E-01 1.45E+00 3.97E+02 7.29E-02 1.44E-01 1.25E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.51E+04 2.71E+03 5.90E-01 4.20E+02
53015      2270002051 750 9.35E-01 1.04E-01 8.34E-01 1.35E+00 3.68E+02 6.76E-02 1.34E-01 1.15E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.25E+04 1.53E+03 5.90E-01 6.88E+02
53015      2270002051 1000 4.54E-01 1.03E-01 5.26E-01 1.41E+00 2.25E+02 4.13E-02 9.12E-02 8.40E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.99E+04 7.44E+02 5.90E-01 8.68E+02
53015      2270002051 1200 1.43E-01 4.34E-02 2.21E-01 5.93E-01 9.46E+01 1.74E-02 3.83E-02 3.53E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.37E+03 2.35E+02 5.90E-01 1.15E+03
53015      2270002051 2000 7.27E-01 3.41E-01 1.73E+00 4.66E+00 7.43E+02 1.36E-01 3.01E-01 2.77E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.57E+04 1.19E+03 5.90E-01 1.79E+03
53015      2270002051 3000 1.78E-01 1.13E-01 5.75E-01 1.54E+00 2.46E+02 4.52E-02 9.97E-02 9.19E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.18E+04 2.92E+02 5.90E-01 2.42E+03
53015      2270002057 16 5.47E-03 1.44E-05 7.92E-05 1.42E-04 1.89E-02 4.06E-06 1.16E-05 3.31E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.67E+00 3.62E+00 5.90E-01 1.35E+01
53015      2270002057 25 6.15E-02 2.70E-04 1.48E-03 2.65E-03 3.53E-01 7.60E-05 2.18E-04 6.20E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.13E+01 4.07E+01 5.90E-01 2.25E+01
53015      2270002057 40 1.42E+00 4.98E-03 2.78E-02 8.61E-02 1.22E+01 2.39E-03 5.50E-03 1.35E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.08E+03 9.42E+02 5.90E-01 3.34E+01
53015      2270002057 50 1.58E+00 7.50E-03 4.18E-02 1.29E-01 1.83E+01 3.60E-03 8.27E-03 2.03E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.62E+03 1.05E+03 5.90E-01 4.51E+01
53015      2270002057 75 3.14E+00 2.62E-02 2.34E-01 3.24E-01 4.94E+01 1.01E-02 3.18E-02 3.70E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.37E+03 2.08E+03 5.90E-01 6.14E+01
53015      2270002057 100 1.80E+01 2.08E-01 2.01E+00 2.28E+00 3.94E+02 7.84E-02 3.05E-01 3.70E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.49E+04 1.19E+04 5.90E-01 8.56E+01
53015      2270002057 175 9.23E+00 1.23E-01 5.82E-01 1.49E+00 2.68E+02 5.34E-02 1.49E-01 2.11E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.37E+04 6.11E+03 5.90E-01 1.26E+02



53015      2270002057 300 4.78E-01 1.04E-02 4.25E-02 1.30E-01 2.53E+01 4.90E-03 1.05E-02 1.64E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.24E+03 3.17E+02 5.90E-01 2.29E+02
53015      2270002057 600 6.30E-01 2.12E-02 1.47E-01 3.40E-01 5.03E+01 1.01E-02 2.41E-02 3.62E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.45E+03 4.17E+02 5.90E-01 3.46E+02
53015      2270002060 11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270002060 16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270002060 25 1.37E-02 6.97E-05 3.78E-04 6.88E-04 9.18E-02 1.98E-05 5.63E-05 1.00E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.13E+00 1.04E+01 5.90E-01 2.28E+01
53015      2270002060 40 7.20E-01 2.88E-03 1.56E-02 5.08E-02 7.30E+00 1.42E-03 3.12E-03 4.92E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E+02 5.48E+02 5.90E-01 3.44E+01
53015      2270002060 50 8.27E-01 4.37E-03 2.36E-02 7.72E-02 1.11E+01 2.15E-03 4.73E-03 7.46E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.79E+02 6.29E+02 5.90E-01 4.54E+01
53015      2270002060 75 1.17E+00 1.01E-02 9.51E-02 1.33E-01 2.12E+01 4.31E-03 1.23E-02 1.28E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.88E+03 8.89E+02 5.90E-01 6.17E+01
53015      2270002060 100 5.02E+00 5.98E-02 6.18E-01 6.86E-01 1.27E+02 2.49E-02 9.20E-02 1.03E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.12E+04 3.82E+03 5.90E-01 8.55E+01
53015      2270002060 175 1.27E+01 1.96E-01 9.29E-01 2.35E+00 4.59E+02 9.05E-02 2.51E-01 3.25E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.06E+04 9.67E+03 5.90E-01 1.36E+02
53015      2270002060 300 1.21E+01 2.81E-01 1.14E+00 3.47E+00 7.40E+02 1.42E-01 2.96E-01 4.22E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.55E+04 9.23E+03 5.90E-01 2.30E+02
53015      2270002060 600 8.90E+00 3.63E-01 2.47E+00 6.14E+00 9.91E+02 1.96E-01 4.24E-01 5.92E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.76E+04 6.77E+03 5.90E-01 4.19E+02
53015      2270002060 750 6.72E-01 4.28E-02 4.07E-01 7.67E-01 1.24E+02 2.45E-02 5.47E-02 6.88E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.09E+04 5.12E+02 5.90E-01 6.92E+02
53015      2270002060 1000 3.28E-01 4.54E-02 2.40E-01 6.64E-01 7.53E+01 1.49E-02 3.85E-02 6.86E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.67E+03 2.50E+02 5.90E-01 8.66E+02
53015      2270002060 1200 6.83E-02 1.18E-02 6.25E-02 1.73E-01 1.96E+01 3.88E-03 1.00E-02 1.79E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.73E+03 5.20E+01 5.90E-01 1.08E+03
53015      2270002060 2000 4.02E-01 1.20E-01 6.34E-01 1.75E+00 1.99E+02 3.94E-02 1.02E-01 1.81E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.76E+04 3.06E+02 5.90E-01 1.87E+03
53015      2270002060 3000 1.50E-02 5.38E-03 2.85E-02 7.88E-02 8.94E+00 1.77E-03 4.57E-03 8.14E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.91E+02 1.14E+01 5.90E-01 2.24E+03
53015      2270002069 40 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270002069 50 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270002069 75 1.52E-01 1.30E-03 1.30E-02 1.87E-02 3.19E+00 6.39E-04 1.64E-03 1.31E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.82E+02 1.42E+02 5.90E-01 5.80E+01
53015      2270002069 100 4.35E+00 5.62E-02 6.31E-01 6.77E-01 1.39E+02 2.68E-02 9.57E-02 9.10E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.23E+04 4.07E+03 5.90E-01 8.79E+01
53015      2270002069 175 9.84E+00 1.66E-01 8.15E-01 1.96E+00 4.37E+02 8.46E-02 2.35E-01 2.57E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.86E+04 9.21E+03 5.90E-01 1.36E+02
53015      2270002069 300 8.52E+00 2.23E-01 9.06E-01 2.67E+00 6.55E+02 1.23E-01 2.51E-01 2.99E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.79E+04 7.97E+03 5.90E-01 2.36E+02
53015      2270002069 600 4.31E+00 1.96E-01 1.26E+00 3.19E+00 5.99E+02 1.17E-01 2.35E-01 2.95E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.29E+04 4.04E+03 5.90E-01 4.25E+02
53015      2270002069 750 1.70E+00 1.23E-01 1.17E+00 2.09E+00 3.93E+02 7.65E-02 1.58E-01 1.83E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.47E+04 1.59E+03 5.90E-01 7.07E+02
53015      2270002069 1000 3.53E-01 5.68E-02 2.90E-01 8.52E-01 1.06E+02 2.07E-02 4.84E-02 7.67E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.39E+03 3.30E+02 5.90E-01 9.23E+02
53015      2270002069 1200 6.12E-01 1.14E-01 5.81E-01 1.71E+00 2.13E+02 4.14E-02 9.70E-02 1.54E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.88E+04 5.73E+02 5.90E-01 1.07E+03
53015      2270002069 2000 2.73E-03 7.03E-04 3.58E-03 1.05E-02 1.31E+00 2.56E-04 5.99E-04 9.49E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.16E+02 2.56E+00 5.90E-01 1.47E+03
53015      2270006005 6 1.90E+01 1.32E-02 7.54E-02 9.35E-02 9.55E+00 2.05E-03 1.01E-02 1.84E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.47E+02 6.41E+03 4.30E-01 5.35E+00
53015      2270006005 11 1.89E+01 2.07E-02 1.18E-01 1.47E-01 1.50E+01 3.23E-03 1.58E-02 2.89E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.33E+03 6.40E+03 4.30E-01 8.42E+00
53015      2270006005 16 1.46E+01 2.30E-02 9.59E-02 1.70E-01 1.86E+01 4.01E-03 1.58E-02 3.36E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.65E+03 4.93E+03 4.30E-01 1.36E+01
53015      2270006005 25 2.30E+01 5.70E-02 2.37E-01 4.20E-01 4.61E+01 9.91E-03 3.90E-02 8.31E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.09E+03 7.77E+03 4.30E-01 2.13E+01
53015      2270006005 40 3.80E+01 1.10E-01 4.39E-01 1.00E+00 1.20E+02 2.48E-02 8.80E-02 1.77E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.06E+04 1.29E+04 4.30E-01 3.34E+01
53015      2270006005 50 5.20E+00 2.03E-02 8.10E-02 1.85E-01 2.21E+01 4.58E-03 1.62E-02 3.27E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.96E+03 1.76E+03 4.30E-01 4.52E+01
53015      2270006005 75 1.92E+01 9.86E-02 5.03E-01 9.35E-01 1.08E+02 2.26E-02 8.99E-02 1.77E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.60E+03 6.48E+03 4.30E-01 6.00E+01
53015      2270006005 100 2.33E+01 1.72E-01 8.48E-01 1.55E+00 1.90E+02 3.91E-02 1.62E-01 3.31E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.68E+04 7.88E+03 4.30E-01 8.64E+01
53015      2270006005 175 7.96E+00 6.81E-02 2.53E-01 8.19E-01 9.17E+01 1.89E-02 5.46E-02 1.29E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.12E+03 2.69E+03 4.30E-01 1.36E+02
53015      2270006005 300 4.43E+00 6.13E-02 2.17E-01 7.61E-01 8.95E+01 1.81E-02 4.66E-02 1.14E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.92E+03 1.50E+03 4.30E-01 2.38E+02
53015      2270006005 600 2.30E+00 4.83E-02 2.15E-01 6.95E-01 8.19E+01 1.66E-02 3.70E-02 8.83E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.24E+03 7.77E+02 4.30E-01 4.19E+02
53015      2270006005 750 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270006005 1000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270006005 1200 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270006005 2000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270006005 3000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53015      2270006015 6 1.11E-01 1.36E-04 1.06E-03 1.05E-03 1.40E-01 3.01E-05 9.69E-05 4.97E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E+01 9.02E+01 4.30E-01 5.57E+00
53015      2270006015 11 2.71E-01 5.68E-04 4.42E-03 4.35E-03 5.84E-01 1.26E-04 4.03E-04 2.07E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.17E+01 2.21E+02 4.30E-01 9.47E+00
53015      2270006015 16 3.69E-02 8.67E-05 4.49E-04 8.54E-04 1.12E-01 2.41E-05 6.77E-05 3.09E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.91E+00 3.01E+01 4.30E-01 1.33E+01
53015      2270006015 25 5.68E-02 2.27E-04 1.17E-03 2.23E-03 2.93E-01 6.30E-05 1.77E-04 8.09E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.59E+01 4.63E+01 4.30E-01 2.27E+01
53015      2270006015 40 2.09E+00 6.72E-03 3.45E-02 1.16E-01 1.59E+01 3.15E-03 7.31E-03 2.83E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.41E+03 1.70E+03 4.30E-01 3.35E+01
53015      2270006015 50 1.44E+00 6.14E-03 3.15E-02 1.06E-01 1.46E+01 2.88E-03 6.69E-03 2.59E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.29E+03 1.18E+03 4.30E-01 4.43E+01
53015      2270006015 75 9.25E+00 7.19E-02 4.81E-01 9.03E-01 1.28E+02 2.62E-02 7.58E-02 1.06E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.13E+04 7.54E+03 4.30E-01 6.08E+01
53015      2270006015 100 1.20E+01 1.28E-01 7.97E-01 1.45E+00 2.30E+02 4.60E-02 1.46E-01 2.30E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.03E+04 9.82E+03 4.30E-01 8.39E+01
53015      2270006015 175 1.38E+00 1.73E-02 5.52E-02 2.25E-01 3.66E+01 7.31E-03 1.60E-02 3.01E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.23E+03 1.13E+03 4.30E-01 1.29E+02
53015      2270006015 300 1.24E+00 2.61E-02 7.35E-02 3.54E-01 6.18E+01 1.21E-02 2.09E-02 4.24E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.47E+03 1.01E+03 4.30E-01 2.43E+02
53015      2270006015 600 3.55E-01 1.43E-02 6.63E-02 2.31E-01 3.11E+01 6.23E-03 1.26E-02 2.49E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.75E+03 2.89E+02 4.30E-01 4.27E+02
53015      2270006015 750 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00



APPENDIX C
SUMMARY OF EMISSIONS

Based on:

1 metric tonne = 1.1023 ton (short ton)

Facility Material Handling System Rating

Materials Handling System/Train Unload: 7500 metric tonnes/hr 8267 tons/hr

Reclaim and Vessel Loading: 6500 metric tonnes/hr 7165 tons/hr

Projected Operation

Operating hours 365 days/yr

Full Build-Out

Coal Throughput 44 MM metric tons per year

49 MM tpy

Unit Trains 8 trains/day

Cars per Unit Train 125 cars/train

Coal per Car 100 tons/car

Onsite Tracks 8 number of tracks

 
840 ships/yr

tons of coal per ship 57,740     tons/vessel

Hours to Unload one unit train 1.85 hours

Full Build-Out Pollutant Emissions (tpy)

Source NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2e

FUGITIVE SOURCES
Coal Transfer (except piles):

Material Handling - - - - 5.25 1.84 0.28 - -

Coal Piles:

Wind Erosion - - - - 1.08 0.92 0.14 - -

Material Handling - - - - 2.62 0.92 0.14 - -

3.71 1.84 0.28
MOBILE SOURCES
Maintenance/Operations Equipment:

Combustion 4.36 1.40 0.36 0.19 0.38 0.31 0.31 0.01 995

Trains:

Combustion (Off-site) 17.5 7.63 0.60 0.03 0.45 0.37 0.36 0.08 2,959

Fugitive (Off-site) - - - - 0.94 0.80 0.12 - -

Combustion (On-site) 5.57 2.43 0.19 8.59E-03 1.44E-01 0.12 0.12 2.58E-02 942

Combustion Idle (On-site) 1.56 0.68 5.36E-02 2.40E-03 4.03E-02 3.32E-02 3.22E-02 7.22E-03 263

Combustion Switching (On-site) 4.44 0.90 0.23 3.17E-03 0.11 9.43E-02 9.15E-02 9.53E-03 344

Fugitive (On-site) - - - - 2.10 1.79 0.27 - -

Ships: (for diesel PM this only includes tugs)

Combustion (Off-site) 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0

Combustion (On-site) 14 39 1.46 3.08 0.56 0.46 0.46 3.30E-02 5,335

Total - All Sources, Onsite and Offsite 47 52 3 3.31 17 9 2.61 0.16 10,839

Total - Onsite Sources 29.8 43.9 2.30 3.28 16.00 8.32 2.13 0.08 7,880

Fugitives Only - - - - 11.05 5.46 0.83 - -

Facility Equipment Combusion Only 4.36 1.40 0.36 0.19 0.38 0.31 0.31 0.01 995

Mobile Combustion Sources Only 19.44 40.96 1.66 3.09 0.71 0.58 0.58 0.06 6,277.61

PM From Combustion (tpy): TSP PM10 PM2.5

Total - Offsite Combustion 0.45 0.37 0.36

Total - Onsite Combustion 1.09 0.90 0.89

Total - Combustion 1.54 1.27 1.25

Washington State Emissions in tons per year

2011 Emissions Inventory for Cowlitz County

Select Sources

 (full summary in separate worksheet) NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2e DPM

Point Sources 3,616 2,507 671 791 - 182 172 - - -

Non-Road Mobile (Land-based, non-locomotive) 389 3,718 592 1 - 48 46 - - 24

Railroad 789 137 43 6 - 23 23 - - 23

Ships (commercial marine vessels) 1,109 150 46 199 - 37 34 - - 34

Total All Source Categories 10,382 36,142 16,919 1,020 - 1,872 971 - - 164

Latest assumption on number of cargo ships Handymax size to move 

the coal (also see URS resrouce report on rail and transport Dec 2014



APPENDIX D
PILE INFORMATION

Bulk Density of Coal: 817 kg/m3 min (PRB coal; source Description of Facilites, September 2011)

929 kg/m3 max

Pile Dimensions:

average L (ft) Sfc W (ft) Sfc Acres Peak H (ft) Mean H (ft)

Pile 1 2350 233 12.57 85 25

Pile 2 2350 233 12.57 85 25
Pile 3 2350 233 12.57 85 25
Pile 4 2350 233 12.57 85 25

From Millennium Coal Export Terminal, Applicant's Purpose and Need Description, Dec 2013
Coal pads vary between 2200 to 2500 ft in length

85 approximate coal stack height

metric tonne ton
Pile 1 367,000        404,548        (Stage 1 and 2)
Pile 2 394,000        434,311        (Stage 1 and 2)
Pile 3 375,000        413,367        (Full Build-Out Only)
Pile 4 368,000        405,651        (Full Build-Out Only)

1,504,000     metric tonnes, total storage capacity

Full Build-Out
Annual Coal Throughput: 48,501,697   tpy

Average Pile Turnovers/yr: 29

Pile Throughput:
Pile 1 11,835,188   tpy
Pile 2 12,705,897   tpy
Pile 3 12,093,176   tpy
Pile 4 11,867,437   tpy



APPENDIX E
PILE - WIND EROSION

(Methodology from AP-24, Section 13.2.5 and WRAP Fugitive Dust Handbook, Section 9.3)

Industrial Wind Erosion

Wind Erosion (emissions from pile activity are covered in Materials Handling (MH) section)
(Equation based on Western Regional Air Partnership [WRAP] Fugitive Dust Handbook, Section 9.3)

Where:

s= 2.2 Silt Content, weight %. (Mean value from EPA AP-42, Section 13.2.4, Table 13.2.4-1, Coal-fired Power Plants (as received).)
p= 175 Number of Days with >= 0.01 inches of precipitation per year. (NCDC Climate Summary for Longview, 1931-2006.)

f= 8.78

r= Particulate Matter Size Ratios (WRAP Fugitive Dust Handbook, Section 9.3).

1 TSP

0.85 PM10

0.13 PM2.5

Uncontrolled Emission Rates:

TSP 431 lb/acre/yr

PM10 366 lb/acre/yr

PM2.5 56 lb/acre/yr

Controlled Emissions:

Control %: 90 WRAP Fugitive Dust Handbook, Table 9-4, Watering.

Exposed Pile Area Acres

Pile 1 12.57

Pile 2 12.57

Pile 3 12.57

Pile 4 12.57

Full Build-Out

Total Area 50.28 acres

Total Controlled Emissions:

Pollutant Full Build-Out

TSP 1.08 tpy

PM10 0.92 tpy

PM2.5 0.14 tpy

Percentage of Time that the unobstructed wind speed exceeds 12 mph at mean pile height. (Calculated from Weyerhaeuser Mint 
Farm Met Station Data, 2001-2003 (wind speed monitor at 10 meter height; mean pile height (by exposed area) ~ 25 ft (7.6 m).)

  rfpsyracrelbTSPE *
15

*
235
365*365*
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APPENDIX F
MATERIAL HANDLING

Transfer Operations (Pile Construction, Pile Removal)

(Methodology from AP-24, Section 13.2.4)

Aggregate Handling and Storage Piles

Where:
k= Aerodynamic Particle Size Multiplier. (EPA AP-42 Section 13.2.4.)

1 TSP
0.35 PM10

0.053 PM2.5
U= 5.04 Mean Wind Speed, mph. (Calculated from Weyerhaeuser Mint Farm Met Station Data, 2001-2003 (wind speed monitor at 10 mete
M= 4.5

Uncontrolled Emission Rates:
TSP 1.04E-03 lb/ton

PM10 3.64E-04 lb/ton
PM2.5 5.51E-05 lb/ton

Controlled Emissions:
Control %: 90 WRAP Fugitive Dust Handbook, Table 9-4, Watering.

Natural Precipitation Mitigation Factor: (365-P)/365 EPA AP-42, Section 13.2.2

P= 175 Number of Days with >= 0.01 inches of precipitation per year. (NCDC Climate Summary for Longview, 1931-2006.)

Full Build-Out
Annual Coal Throughput: 48501697 tpy

Annual Coal Throughput x2 (pile construct and reclaim): 97003394 tpy

Total Controlled Emissions:

Pollutant Full Build-Out
TSP 2.62 tpy

PM10 0.92 tpy
PM2.5 0.14 tpy

All Other Coal Handling Operations (Transfers, Conveyors)
All enclosed operations with dry fogging. Equipment is cleaned using a wet scraping technique; assumed cleaning particulate emissions are zero.

Uncontrolled Emission Rates (same methodology as above):
TSP 1.04E-03 lb/ton

PM10 3.64E-04 lb/ton
PM2.5 5.51E-05 lb/ton

Controlled Emissions:
Control %: 95

Natural Precipitation Mitigation Factor: (365-P)/365 EPA AP-42, Section 13.2.2

P= 175 Number of Days with >= 0.01 inches of precipitation per year. (NCDC Climate Summary for Longview, 1931-2006.)

Full Build-Out
Annual Coal Throughput: 48501697 tpy

Emission/Transfer Points:
Rail Dump 1

Transfer Tower 1 1
Transfer Towers 2-4 1
Transfer Towers 5-7 1

Surge Bin (WP9) 1
Surge Bin (WP10) 1
Transfer Tower 8 1
Conveyor to Ship 1

Total Controlled Emissions:

Pollutant Full Build-Out
TSP 5.25 tpy

PM10 1.84 tpy
PM2.5 0.28 tpy

Material Moisture Content, percent. (Mean value from EPA AP-42, Section 13.2.4, Table 13.2.4-1, Coal-fired Power Plants (as 

received). This value fits range given in Description of Facilities, September 2011 (1-6% surface; 13-18% total).)

Changed from 99%.  (ICF) This reduced efficiency is consistent with a similar proposed facility in 
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APPENDIX G
COAL CAR FUGITIVE EMISSIONS

(Methodology from AP-24, Section 13.2.5 and WRAP Fugitive Dust Handbook, Section 9.3)

Industrial Wind Erosion

Wind-related losses from Train Transport of Open Coal Cars
(Equation based on WRAP Fugitive Dust Handbook, Section 9.3))

Where:

s= 2.2 Silt Content, weight %. (Mean value from EPA AP-42, Section 13.2.4, Table 13.2.4-1, Coal-fired Power Plants (as received).)
p= 175

f (moving train)= 100

f (sitting train)= 8.78

r= Particulate Matter Size Ratios (WRAP Fugitive Dust Handbook, Section 9.3).

1 TSP

0.85 PM10

0.13 PM2.5

Uncontrolled Emission Rates for Moving Trains:

TSP 4905 lb/acre/yr

PM10 4170 lb/acre/yr

PM2.5 638 lb/acre/yr

Uncontrolled Emission Rates for Sitting Trains:

TSP 431 lb/acre/yr

PM10 366 lb/acre/yr

PM2.5 56 lb/acre/yr

Train car exposed surface area: 518 ft2

Area/coal amount (by 1 car): 4.24 ft2/ton coal

Full Build-Out

Annual Coal Throughput: 48501697 tpy

Coal/car: 122.1 tons

Cars/train: 125 cars

Total Exposed Area: 4720 acres

Off-site Full Build-Out

Distance from main rail line to site: 0.71 miles

Time Moving Car Exposed: 0.71 hrs

Offsite Emissions:

Pollutant Full Build-Out

TSP 0.94 tpy

PM10 0.80 tpy

PM2.5 0.12 tpy

On-site Full Build-Out

Onsite loop distance: 0.00 miles

Dumper facility loop: 13236 ft Drawing 80552-500-ST-DAL-2019-00-RevA.pdf, WorleyParsons

2.51 miles

Total onsite distance for transport: 2.51 miles Includes only loaded travel; assumes full cars for complete staging loop

Train Speed: 2 mph      and dump loop distances.

Time Moving Car Exposed: 1.36 hrs

Waiting Time: 1.36 hrs Heyl & Patterson, Martin Engineering (coal dumper and chute mnftrs), BNS

Unloading Time: 2.60 hrs  Railway [total time]; apply a conservative estimate for time waiting to unloa

Time Sitting Car Exposed: 2.66 hrs Assume time of exposure during unloading is only 1/2 of total

     unloading time.

Onsite Emissions:

Pollutant Full Build-Out

TSP 2.10 tpy

PM10 1.79 tpy

PM2.5 0.27 tpy

Number of Days with >= 0.01 inches of precipitation per year. (Calculated from Weyerhaeuser Mint Farm Met Station 
Data, 2001-2003. (Note: AP-42 Figure 13.2.2-1 shows 180 days, and NCDC Climate data indicates ~ 177 days.))

Percentage of Time that the unobstructed wind speed exceeds 12 mph at mean 'pile' height. (Calculated from 
Weyerhaeuser Mint Farm Met Station Data, 2001-2003 (wind speed monitor at 10 meter height; train car height with 

Percentage of Time that the unobstructed wind speed exceeds 12 mph at mean pile height. (Assumed 100% of time 
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APPENDIX H
LOCOMOTIVE EMISSIONS (Appendix H)

Full Build-Out

Coal Throughput 48501697 tons/yr ='D:\Documents\millineum\URS Air Qualty Studies for Millineum Coal Terminal\January 2015 appx L\[4 - Air Quality Appendix L-Mod ICF.xlsx]Operations Summary (ICF)'!C17*1000000

Coal/car 122.1 tons '='D:\Documents\millineum\URS Air Qualty Studies for Millineum Coal Terminal\January 2015 appx L\[4 - Air Quality Appendix L-Mod ICF.xlsx]Operations Summary (ICF)'!C20

Unit Trains (cars/train) 125 cars '='D:\Documents\millineum\URS Air Qualty Studies for Millineum Coal Terminal\January 2015 appx L\[4 - Air Quality Appendix L-Mod ICF.xlsx]Operations Summary (ICF)'!C19

Unit Trains Required 2920 Trains/yr

3 Locomotives/Train (full)

3 Locomotives/Train (empty)

Engine Size: 4400 hp/locomotive

Locomotive Fuel Use: 20.8 bhp-hr/gal (conversion for large line-haul locomotive, Emission Factors for Locomotives, EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009 .)

Fuel Use per Train Full Build-Out

ON SITE

 Loaded Train: 4.6% Percent Load Notch 1 setting and associatedd load @ 6 mph (202 hp) based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

607.2 hp

29 gallons/hr 

Idle Train: 0.25% Percent Load Idle setting and associated load (11 hp) @idle based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

33 hp

2 gallons/hr 

OFF SITE

 Loaded Train: 9.9% Percent Load Notch 2 setting and associatedd load @ 12 mph (435 hp) based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

1306.8 hp

63 gallons/hr 

Empty Train: 9.9% Percent Load Assume same notch 2 setting as loaded (conservative)

1306.8 hp

63 gallons/hr 

Longview Short Line (Longview Switching Company (LSC) Track)

Offsite

Distance from Main Rail Line to Site: 7.10 miles distance from GIS drawings per Danny Stratten (ICF) Feb 2014

Travel Time to Site: 0.71 hrs DKS travel speed average of 10 mph 

Total Power: 5418516 hp-hr/yr

Total Fuel Use: 260506 gallons/yr

Onsite

Onsite loop distance: 8727 ft Per train average loop distance (Drawings 80552-500-GE-DLP-0020_RevA.pdf and 80552-500-ST-DAL-2019-00-RevA.pdf, WorleyParsons)

Travel Distance: 1.65 miles (one loop onsite; does not include dump track time which is operated by electric indexing system)

Time per Train: 1.85 hours time needed to unload the coal from 125 cars 

Total Power: 1725554 hp-hr/yr

Total Fuel Use: 82959 gallons/yr

Total Fuel Use (On and Offsite) 343465 gallons/yr

Electro-Motive Diesel, GE Transportation (http://www.getransportation.com/locomotives/locomotives/ac4400-and-dash-series-locomotives); GE 

AC4400CW (4400hp) or ElectroMotive Diesel SD70Ace (4300hp). Also consistent with DKS traffic analysis



Emission Factors (2028 full operation)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 National Locomotive Fleet Averag(g/gal) 61 26.6 2.1 0.094 1.58 1.3 1.26 0.28 10217 0.80 0.26 10314

Sources:
1 
NOx, CO, VOC, SO2, PM10, PM2.5 2025 emission factors from: Emission Factors for Locomotives , EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009. Table 5,6,7, Line-Haul Emission Factors. From text: PM 2.5 = 0.97* PM10.

2
SO2 emission factor  using S content of 15 ppm 

3
TSP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines  (10/96). Based on ratio of total particulate to PM10 in diesel engines, as given in Table 3.4-2.

4
HAP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines  (10/96). Total HAPs from Tables 3.4-3 and 3.4-4, sum of HAPs as indicated by footnote b. For diesel fuel: 7000 Btu/hp-hr.

5Direct Emissions from Mobile Combustion Sources , EPA, Office of Air and Radiation, EPA-430-K-08-004, May 2008. N2O and CH4 from Table A-6.
6
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Emission Rates (tpy)

Full Build-Out NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Offsite 18 7.6 0.60 0.03 0.45 0.37 0.36 0.08 2931 0.23 0.07 2959

Onsite 6 2.4 0.19 0.01 0.14 0.12 0.12 0.03 933 0.07 0.02 942

Total 23 10.1 0.79 0.04 0.60 0.49 0.48 0.11 3865 0.30 0.10 3902



APPENDIX H2
LOCOMOTIVE EMISSIONS (Appendix H2) - Trains waiting to leave (on-site) 5 hours

Full Build-Out

Coal Throughput 48501697 tons/yr ='D:\Documents\millineum\URS Air Qualty Studies for Millineum Coal Terminal\January 2015 appx L\[4 - Air Quality Appendix L-Mod ICF.xlsx]Operations Summary (ICF)'!C17*1000000

Coal/car 122.1 tons '='D:\Documents\millineum\URS Air Qualty Studies for Millineum Coal Terminal\January 2015 appx L\[4 - Air Quality Appendix L-Mod ICF.xlsx]Operations Summary (ICF)'!C20

Unit Trains (cars/train) 125 cars '='D:\Documents\millineum\URS Air Qualty Studies for Millineum Coal Terminal\January 2015 appx L\[4 - Air Quality Appendix L-Mod ICF.xlsx]Operations Summary (ICF)'!C19

Unit Trains Required 2920 Trains/yr

3 Locomotives/Train (full)

3 Locomotives/Train (empty)

Engine Size: 4400 hp/locomotive

Locomotive Fuel Use: 20.8 bhp-hr/gal (conversion for large line-haul locomotive, Emission Factors for Locomotives, EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009 .)

Fuel Use per Train Full Build-Out

ON SITE

Idle Train: 0.25% Percent Load Idle setting and associated load (11 hp) @idle based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

33 hp

2 gallons/hr 

Onsite

Time per Train: 5.00 hours time idling  

Total Power: 481800 hp-hr/yr

Total Fuel Use: 23163 gallons/yr

Total Fuel Use (Onsite, idle) 23163 gallons/yr

Emission Factors (2028 full operation)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 National Locomotive Fleet Averag(g/gal) 61 26.6 2.1 0.094 1.58 1.3 1.26 0.28 10217 0.80 0.26 10314

Sources:
1 
NOx, CO, VOC, SO2, PM10, PM2.5 2025 emission factors from: Emission Factors for Locomotives , EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009. Table 5,6,7, Line-Haul Emission Factors. From text: PM 2.5 = 0.97* PM10.

2
SO2 emission factor  using S content of 15 ppm 

3
TSP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Based on ratio of total particulate to PM10 in diesel engines, as given in Table 3.4-2.

4
HAP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Total HAPs from Tables 3.4-3 and 3.4-4, sum of HAPs as indicated by footnote b. For diesel fuel: 7000 Btu/hp-hr.

5Direct Emissions from Mobile Combustion Sources , EPA, Office of Air and Radiation, EPA-430-K-08-004, May 2008. N2O and CH4 from Table A-6.
6
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Emission Rates (tpy)

Full Build-Out NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Onsite 2 0.7 0.05 0.00 0.04 0.03 0.03 0.01 261 0.02 0.01 263

Total 2 0.7 0.05 0.00 0.04 0.03 0.03 0.01 261 0.02 0.01 263

Electro-Motive Diesel, GE Transportation (http://www.getransportation.com/locomotives/locomotives/ac4400-and-dash-series-locomotives); GE AC4400CW (4400hp) or ElectroMotive 

Diesel SD70Ace (4300hp). Also consistent with DKS traffic analysis



APPENDIX H3
SWITCH LOCOMOTIVE EMISSIONS (Appendix H3)

Full Build-Out

Days/year 365 Trains/yr

Hours/day 8 hours

1 Locomotives/Train (empty)

Engine Size: 4400 hp/locomotive

Locomotive Fuel Use: 20.8 bhp-hr/gal (conversion for large line-haul locomotive, Emission Factors for Locomotives, EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009 .)

Fuel Use per Train Full Build-Out

ON SITE

 Loaded Train: 4.6% Percent Load Notch 1 setting and associatedd load @ 6 mph (202 hp) based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

1619.2 hp

78 gallons/hr 

Idle Train: 0.25% Percent Load Idle setting and associated load (11 hp) @idle based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

11 hp

1 gallons/hr 

Empty Train: 9.9% Percent Load Assume same notch 2 setting as loaded (conservative)

435.6 hp

21 gallons/hr 

g/gal

Emission Factors (2028 full operation)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 National Locomotive Fleet Averag(g/gal) 61 26.6 2.1 0.094 1.58 1.3 1.26 0.28 10217 0.80 0.26 10314

2028 Large Switch (g/gal) 132 26.6 6.9 0.094 3.41 2.8 2.72 0.28 10217 0.80 0.26 10314

Sources:
1 
NOx, CO, VOC, SO2, PM10, PM2.5 2028 emission factors from: Emission Factors for Locomotives , EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009. Table 5,6,7, Line-Haul Emission Factors. From text: PM 2.5 = 0.97* PM10.

2
SO2 emission factor  using S content of 15 ppm 

3
TSP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Based on ratio of total particulate to PM10 in diesel engines, as given in Table 3.4-2.

4
HAP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Total HAPs from Tables 3.4-3 and 3.4-4, sum of HAPs as indicated by footnote b. For diesel fuel: 7000 Btu/hp-hr.

5Direct Emissions from Mobile Combustion Sources , EPA, Office of Air and Radiation, EPA-430-K-08-004, May 2008. N2O and CH4 from Table A-6.
6
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Emission Rates (tpy)

Full Build-Out NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Switch - Move (50%) 0.11 2.26E-02 5.87E-03 7.99E-05 2.90E-03 2.38E-03 2.31E-03 2.41E-04 8.69 6.80E-04 2.21E-04 8.77

Switch - Idle (50%) 4.44 0.90 0.23 3.17E-03 0.11 9.43E-02 9.15E-02 9.53E-03 344.04 2.69E-02 8.76E-03 347.33

Total 4.56 0.92 0.24 3.25E-03 0.12 9.67E-02 9.38E-02 9.77E-03 353 2.76E-02 8.98E-03 356

Electro-Motive Diesel, GE Transportation (http://www.getransportation.com/locomotives/locomotives/ac4400-and-dash-series-locomotives); GE AC4400CW (4400hp) or 

ElectroMotive Diesel SD70Ace (4300hp). Also consistent with DKS traffic analysis



APPENDIX H
LOCOMOTIVE EMISSIONS (Appendix H) Emissions in Washington State Except Cowlitz County

Locomotive Fuel Use: 20.8 bhp-hr/gal (conversion for large line-haul locomotive, Emission Factors for Locomotives, EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009 .)

Fuel Consumption

31,470,397             gallons 2028 fully operational (consistent with GHG analysis) for total train fuel consumption within state (diesel) other than in Cowlitz county per GHG report

1,386,221               gallons additional fuel consumption within Cowlitz County main line (17.9 miles in bound to Longview J

total 32,856,619             gallons

Factors 

453.6 grams per lb

2000 lb per ton

Emission Factors (2028 full operation)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 National Locomotive Fleet Avera (g/gal) 61 26.6 2.1 0.094 1.58 1.3 1.26 0.28 10217 0.80 0.26 10314

Sources:
1 

NOx, CO, VOC, SO2, PM10, PM2.5 2025 emission factors from: Emission Factors for Locomotives , EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009. Table 5,6,7, Line-Haul Emission Factors. From text: PM 2.5 = 0.97* PM10.
2
SO2 emission factor  using S content of 15 ppm 

3
TSP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines  (10/96). Based on ratio of total particulate to PM10 in diesel engines, as given in Table 3.4-2.

4
HAP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines  (10/96). Total HAPs from Tables 3.4-3 and 3.4-4, sum of HAPs as indicated by footnote b. For diesel fuel: 7000 Btu/hp-hr.

5Direct Emissions from Mobile Combustion Sources , EPA, Office of Air and Radiation, EPA-430-K-08-004, May 2008. N2O and CH4 from Table A-6.
6
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Emission Rates (tpy)

Full Build-Out NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Offsite 2,209                      963 76 3 57 47 45.7 10.25 370035 29.0 9 373,565.85      



APPENDIX H
LOCOMOTIVE EMISSIONS (No Action Alternative)

Full Build-Out

Coal Moved 2,673,990       tons/yr

Coal/car 122.1 tons '='D:\Documents\millineum\URS Air Qualty Studies for Millineum Coal Terminal\January 2015 appx L\[4 - Air Quality Appendix L-Mod ICF.xlsx]Operations Summary (ICF)'!C20

Unit Trains (cars/train) 30 cars Same assumption as Noise Study

30-car Trains Required 730 Trains/yr

2 Locomotives/Train (full)

2 Locomotives/Train (empty)

Engine Size: 4400 hp/locomotive

Locomotive Fuel Use: 20.8 bhp-hr/gal (conversion for large line-haul locomotive, Emission Factors for Locomotives, EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009 .)

Fuel Use per Train Full Build-Out

ON SITE

 Loaded Train: 4.6% Percent Load Notch 1 setting and associatedd load @ 6 mph (202 hp) based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

404.8 hp

19 gallons/hr 

Idle Train: 0.25% Percent Load Idle setting and associated load (11 hp) @idle based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

22 hp

1.1 gallons/hr 

OFF SITE

 Loaded Train: 9.9% Percent Load Notch 2 setting and associatedd load @ 12 mph (435 hp) based on data from CARB Roseville Railyard Study for 4300 HP loco engine  (October, 2004)

871.2 hp

42 gallons/hr 

Empty Train: 9.9% Percent Load Assume same notch 2 setting as loaded (conservative)

871.2 hp

42 gallons/hr 

Longview Short Line (Longview Switching Company (LSC) Track)

Offsite

Distance from Main Rail Line to Site: 7.10 miles distance from GIS drawings per Danny Stratten (ICF) Feb 2014

Travel Time to Site: 0.71 hrs DKS travel speed average of 10 mph 

Total Power: 903086 hp-hr/yr

Total Fuel Use: 43418 gallons/yr

Onsite

Time per Train: 0.44 hours time needed to unload the coal from 125 cars under action is 1.85 hours, assume 30/125 *1.85  =    0.444 hours to unload No Action coal train

Total Power: 68544 hp-hr/yr

Total Fuel Use: 3295 gallons/yr

Total Fuel Use (On and Offsite) 46713 gallons/yr

Electro-Motive Diesel, GE Transportation (http://www.getransportation.com/locomotives/locomotives/ac4400-and-dash-series-locomotives); GE AC4400CW (4400hp) or 

ElectroMotive Diesel SD70Ace (4300hp). Also consistent with DKS traffic analysis



Emission Factors (2028 full operation)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 National Locomotive Fleet Averag(g/gal) 61 26.6 2.1 0.094 1.58 1.3 1.26 0.28 10217 0.80 0.26 10314

Sources:
1 
NOx, CO, VOC, SO2, PM10, PM2.5 2025 emission factors from: Emission Factors for Locomotives , EPA, Office of Transportation and Air Quality, EPA-420-F-09-025, April 2009. Table 5,6,7, Line-Haul Emission Factors. From text: PM 2.5 = 0.97* PM10.

2
SO2 emission factor  using S content of 15 ppm 

3
TSP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Based on ratio of total particulate to PM10 in diesel engines, as given in Table 3.4-2.

4
HAP emission factor from: EPA AP-42, Section 3.4 Large Stationary Diesel and All Stationary Duel-fuel Engines (10/96). Total HAPs from Tables 3.4-3 and 3.4-4, sum of HAPs as indicated by footnote b. For diesel fuel: 7000 Btu/hp-hr.

5Direct Emissions from Mobile Combustion Sources , EPA, Office of Air and Radiation, EPA-430-K-08-004, May 2008. N2O and CH4 from Table A-6.
6
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Emission Rates (tpy)

Full Build-Out NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Offsite 3 1.3 0.10 0.004 0.08 0.06 0.06 0.01 489 0.04 0.01 493

Onsite 0 0.1 0.01 0.000 0.01 0.00 0.00 0.00 37 0.00 0.00 37

Total 3.14 1.4 0.11 0.005 0.08 0.07 0.06 0.01 526 0.04 0.01 531



APPENDIX I
CARGO VESSEL EMISSIONS Table II-5: OGV Auxiliary Engine Load Characteristics (percent load)

Bulk Carrier/General Cargo

Load Factor (%)

Tugs/Ship 3 (Conservative estimate) Hoteling 10%

Tug Engine Size (propulsion) 4000 hp Maneuvering 45%

Transit 17%

Tug Positioning Time 3 hrs/ship (in-out) (Conservative estimate) ARB, 2011a. Initial Statement of Reasons for Proposed Rulemaking, Proposed Amendments to
Tug Load Factor (Manuvering) 31% Percent Load (Engine load factor for Assist Tugs, from Port of Long Beach Air Emissions Inventory - 2011  (POLB, July 2012).) the Regulations “Fuel Sulfur and Other Operational Requirements for Ocean-Going 

Vessels within California Waters and 24 Nautical Miles of the California Baseline” 
Panamax Size Engine 16368 hp Appendix D, Emission Estimation Methodology for Ocean Going Vessels, May 2011. 
Handymax Size Engine 10153 hp Data http://www.arb.ca.gov/msei/categories.htm#ogv_category 
Panamax auxillary engine size 3039 hp

Handymax Auxilliary Engine Size 1885 hp Load Factors for Main Engine based on Propeller Law Equation assuming 11 knots transit in river and 4 knots manuvering

Main Engine Load (loaded in transit) 37% Percent Load Main Engine Load ( manuvering) 2% Percent Load* * Need to apply low load adjustment factor to main engine manuvering Engine Cruise Transit Maneuver
Main Engine Load (unloaded in transit) 37% Percent Load Low load adjustment factor for low load manuvering Propulsion 83% 37% 2%

At	full	cruise	engines	run	at	83%	of	capacity	with	maximum	speed	of	15.3	knots
Auxillary Engine Load (transit) 17% Percent Load Auxillary Engine Load (manuvering) 45% Percent Load Auxillary Engine Load (hoteling) 10% Percent Load Propeller	equation	 LF = (AS/MS)

3

where	 LF = Load Factor (percent)
AS = Actual Speed (knots)
MS = Maximum Speed (knots)

Number of ship call in 2028 840

Percent of calls by Panamax 80 percent

Percent of call by Handymax 20 percent Classification DWT Range Main Engine  Auxiliary Engine  Main Engine  Auxiliary Engine 
Ship Berth Time ((Hoteling) 13 hrs HandyMax 40,000 ‐ 60,000 7577 1407 10153.18 1885.38
Main Ship (Manuvering) 1.0 hrs PanaMax 60,000 ‐ 100,000 12215 2268 16368.1 3039.12
Trannsit Time within Cowlitz county 0.90 hrs Lower bound  speeds in the open reaches of the Columbia River Channel are 12 knots, somewhat slower speeds when fully Source: Sea-Web (http://www.sea-web.com)

loaded (assumed 10 knots). See: Marine Traffic Technical Report, Feb 2015 , pages 37 and page 49. The sea-web data is produced by IHS Global Limited, headquartered in Bracknell, England. The data is based on Lloyd’s Register of Ships Sea-ewb provided shi characteristics data for shios o

On-site Full Operation (2028) Based on the ships currently in service (2014) that have stopped at US ports. 

Coal Throughput 48,501,697      tons/yr

Low Speed Adjustment for Main Engine During Ship Manuvering

Ships/yr (Panamax) 672 number Based on the Propeller law used to estimate shps propulsion loads, based on law that the propulsion power
Annual Power (aux eng) 3,574,005        hp-hrs/yr 0.1 %S Marine Distillate Fuel  (2015 onward) varies by the cube of the speed.  Transit speed was assumed to average 11 knots and maneuver speed 4 knots. 
Annual Power (main eng) 219,987           hp-hrs/yr 0.1 %S Marine Distillate Fuel NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2

Ships/yr (Handymax) 168                  number 2% load 54.8 41.9 23.6 2.34 2853.6

Annual Power (aux eng) 554,302           hp-hrs/yr 0.1 %S Marine Distillate Fuel 20% load 11.9 4.2 0.7 0.32 869.1

Annual Power (main eng) 34,115             hp-hrs/yr 0.1 %S Marine Distillate Fuel (or 1000 ppm) Adjustment Ratio Increase 4.6 10 31.6 1 7.29 7.29 7.29 31.62 3.28

Tugs/yr 2,520               number Pollutant Exponent (x) Intercept (b) Coefficient (a)

Annual Power 9,374,400        hp-hrs/yr diesel low sulfur (15 ppm S) PM 1.5 0.2551 0.0059 Slow speed adjustment Ratio of emision rates at 20% load to manuvering Load 2%

NOx 1.5 10.4496 0.1255 emission rate (g/kW-hr) = a (fractional load)^-x + b

Off-site CO 1 0 0.8378

Ships/yr (Panamax) HC 1.5 0 0.0667

Annual Power (main) 7,363,914        hp-hrs/yr 0.1 %S Marine Distillate Fuel SO2 2.3735 only applies to fuel sulfur flow no adjustment for low loads

(aux) 628,211           CO2 1 648.6 44.1

Ships/yr (Handymax) Source:  USEPA, 2000. US Environmental Protection Agency, Analysis of Commercial Marine Vessels Emissions and Fuel Consumption Data, February, 2000, EPA420-R-00-002.

Annual Power (main) 1,141,964        hp-hrs/yr 0.1 %S Marine Distillate Fuel (or 1000 ppm)

(aux) 97,431             

Emission Factors

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Maine Engine Manuvering (g/KW-hr) 3.4 5.0 2.0 0.40 0.3041 0.25 0.23 0.00428 588 0.07 0.0004 590 g/kW-hr conversion

Maine Engine Manuvering (lb/hp-hr)) 0.006 0.00822 0.003 0.001 0.000500 0.000411 0.000378 0.000007 0.967 0.0001151 0.0000007 0.970 to lb/hpr-hr 0.001644

Aux Engine T4 Transit, Manuver , Hotel (g/KW-hr) 1.8 5.0 0.19 0.40 0.073 0.060 0.060 0.004 690.0 0.09 0.0004 692

Aux Engine T4 Transit, Manuver , Hotel (lb/hp-hr)) 0.0030 0.0082 0.0003 0.0007 0.0001 0.0001 0.0001 0.00001 1.13 0.00015 0.00000 1.14

Main Engine Transit Mode (g/KW-hr) 3.4 5.0 2.0 0.40 0.3041 0.25 0.23 0.00428 588 0.07 0.0004 590

Main Engine Transit Mode (lb/hp-hr) 0.006 0.00822 0.00329 0.00066 0.00050 0.00041 0.00038 0.00001 0.967 0.000115 0.000001 0.970

Tug (Tier 4 compliant post 2016) (g/kW-hr) 1.8 5.0 0.19 0.40 0.073 0.060 0.060 0.004 690.0 0.09 0.0004 692

Tug (Tier 4 compliant post 2016) (lb/bhp-hr) 0.003 0.00822 0.00031 0.00066 0.00012 0.00010 0.00010 0.000007 1.13 0.00015 0.00000 1.14

Source:

ARB, 2011a. Initial Statement of Reasons for Proposed Rulemaking, Proposed Amendments to the Regulations “Fuel Sulfur and Other Operational Requirements for Ocean-Going Vessels within California Waters and 24 Nautical Miles of the California Baseline” 

Appendix D, Emission Estimation Methodology for Ocean Going Vessels, May 2011.  Tables II-6, II-7 (main engines) and Table II-8 Auxilary Engine only for PM10, PM2.5 and CO2; 

Other Emissions Factros from USEPA Marine Compression Ignition Exhaust Emission Standards for highest Tier engines (auxillary and Tugs C2; main engine C3) all standars fully impletemented by 2016 assume all engines by 2028 comply with these standards

For C3 engines assume lowest engine speed which corresponds with highest emission rate See:	http://www.epa.gov/otaq/standards/nonroad/marineci.htm

Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Travel Distance:
Ship Miles 11.35 miles Travel distance from berth site in Longview, west along Columbia River to Cowlitz County line (one-way)

Emission Rates (tpy)
NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 Operational Emissions Marine Vessels
Ships (Cargo and Tugs) - (Onsite) 23 66 15.3 4.5 1.3 1.0 1.0 0.08 8062 1.0 0.0047 8089

Ships (cargo transit) - (Offsite) 25 38 14.1 3.0 2.2 1.8 1.6 0.03 4523 0.5 0.0030 4537

Total 48 104 29.4 7.6 3.4 2.8 2.7 0.11 12584 1.6 0.01 12627

HAP Emission factors from: EPA AP-42, Section 3.4;  Sum of HAPs factors from Table 3.4-3 and 3.4-4.



APPENDIX I
CARGO VESSEL EMISSIONS Table II-5: OGV Auxiliary Engine Load Characteristics (percent load)

Bulk Carrier/General Cargo

Load Factor (%)

Tugs/Ship 3 (Conservative estimate) Hoteling 10%

Tug Engine Size (propulsion) 4000 hp Maneuvering 45%

Transit 17%

Tug Positioning Time 3 hrs/ship (in-out) (Conservative estimate) ARB, 2011a. Initial Statement of Reasons for Proposed Rulemaking, Proposed Amendments to
Tug Load Factor (Manuvering) 31% Percent Load (Engine load factor for Assist Tugs, from Port of Long Beach Air Emissions Inventory - 2011  (POLB, July 2012).) the Regulations “Fuel Sulfur and Other Operational Requirements for Ocean-Going 

Vessels within California Waters and 24 Nautical Miles of the California Baseline” 
Panamax Size Engine hp Appendix D, Emission Estimation Methodology for Ocean Going Vessels, May 2011. 
Handymax Size Engine hp Data http://www.arb.ca.gov/msei/categories.htm#ogv_category 
Panamax auxillary engine size hp

Handymax Auxilliary Engine Size hp Load Factors for Main Engine based on Propeller Law Equation assuming 11 knots transit in river and 4 knots manuvering

Main Engine Load (loaded in transit) Percent Load Main Engine Load ( manuvering) 2% Percent Load* * Need to apply low load adjustment factor to main engine manuvering Engine Cruise Transit Maneuver
Main Engine Load (unloaded in transit) Percent Load Low load adjustment factor for low load manuvering Propulsion 83% 37% 2%

At	full	cruise	engines	run	at	83%	of	capacity	with	maximum	speed	of	15.3	knots
Auxillary Engine Load (transit) 17% Percent Load Auxillary Engine Load (manuvering) 45% Percent Load Auxillary Engine Load (hoteling) 10% Percent Load Propeller	equation	 LF = (AS/MS)

3

where	 LF = Load Factor (percent)
AS = Actual Speed (knots)
MS = Maximum Speed (knots)

Number of ship call in 2028 840

Percent of calls by Panamax 80 percent

Percent of call by Handymax 20 percent Classification DWT Range Main Engine (kW)
Auxiliary Engine 

(kW)
Main Engine (hp)

Auxiliary Engine 

(kW)

Ship Berth Time ((Hoteling) 13 hrs HandyMax 40,000 ‐ 60,000 7577 1407 10153.18 1885.38
Main Ship (Manuvering) 1.0 hrs PanaMax 60,000 ‐  12215 2268 16368.1 3039.12
Trannsit Time within Cowlitz county 0.90 hrs Lower bound  speeds in the open reaches of the Columbia River Channel are 12 knots, somewhat slower speeds when Source: Sea-Web (http://www.sea-web.com)

loaded (assumed 10 knots). See: Marine Traffic Technical Report, Feb 2015 , pages 37 and page 49. The sea-web data is produced by IHS Global Limited, headquartered in Bracknell, England. The data is based on Lloyd’s Register of Ships Sea-ewb provided shi characteristics data for shios over 100 gross tons. 

On-site Full Operation (2028) Based on the ships currently in service (2014) that have stopped at US ports. 

Coal Throughput 48,501,697      tons/yr

Low Speed Adjustment for Main Engine During Ship Manuvering

Ships/yr (Panamax) number Based on the Propeller law used to estimate shps propulsion loads, based on law that the propulsion power
Annual Power (aux eng) hp-hrs/yr 0.1 %S Marine Distillate Fuel  (2015 onward) varies by the cube of the speed.  Transit speed was assumed to average 11 knots and maneuver speed 4 knots. 
Annual Power (main eng) hp-hrs/yr 0.1 %S Marine Distillate Fuel NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2

Ships/yr (Handymax) number 2% load 54.8 41.9 23.6 2.34 2853.6

Annual Power (aux eng) hp-hrs/yr 0.1 %S Marine Distillate Fuel 20% load 11.9 4.2 0.7 0.32 869.1

Annual Power (main eng) hp-hrs/yr 0.1 %S Marine Distillate Fuel (or 1000 ppm) Adjustment Ratio Increase 4.6 10 31.6 1 7.29 7.29 7.29 31.62 3.28

Tugs/yr 2,520               number Pollutant Exponent (x) Intercept (b) Coefficient (a)

Annual Power 9,374,400        hp-hrs/yr diesel low sulfur (15 ppm S) PM 1.5 0.2551 0.0059 Slow speed adjustment Ratio of emision rates at 20% load to manuvering Load 2%

NOx 1.5 10.4496 0.1255 emission rate (g/kW-hr) = a (fractional load)^-x + b

Off-site CO 1 0 0.8378

Ships/yr (Panamax) HC 1.5 0 0.0667

Annual Power (main) -                   hp-hrs/yr 0.1 %S Marine Distillate Fuel SO2 2.3735 only applies to fuel sulfur flow no adjustment for low loads

(aux) -                   CO2 1 648.6 44.1

Ships/yr (Handymax) Source:  USEPA, 2000. US Environmental Protection Agency, Analysis of Commercial Marine Vessels Emissions and Fuel Consumption Data, February, 2000, EPA420-R-00-002.

Annual Power (main) -                   hp-hrs/yr 0.1 %S Marine Distillate Fuel (or 1000 ppm)

(aux) -                   

Emission Factors

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Maine Engine Manuvering (g/KW-hr) 3.4 5.0 2.0 0.40 0.3041 0.25 0.23 0.00428 588 0.07 0.0004 590 g/kW-hr conversion

Maine Engine Manuvering (lb/hp-hr)) 0.006 0.008 0.003 0.001 0.000500 0.000411 0.000378 0.000007 0.967 0.0001151 0.0000007 0.970 to lb/hpr-hr 0.001644

Aux Engine T4 Transit, Manuver , Hotel (g/KW-hr) 1.8 5.0 0.19 0.40 0.073 0.060 0.060 0.004 690.0 0.09 0.0004 692

Aux Engine T4 Transit, Manuver , Hotel (lb/hp-hr)) 0.0030 0.0082 0.0003 0.0007 0.0001 0.0001 0.0001 0.00001 1.13 0.00015 0.00000 1.14

Main Engine Transit Mode (g/KW-hr) 3.4 5.0 2.0 0.40 0.3041 0.25 0.23 0.00428 588 0.07 0.0004 590

Main Engine Transit Mode (lb/hp-hr) 0.006 0.00822 0.00329 0.00066 0.00050 0.00041 0.00038 0.00001 0.967 0.000115 0.000001 0.970

Tug (Tier 4 compliant post 2016) (g/kW-hr) 1.8 5.0 0.19 0.40 0.073 0.060 0.060 0.004 690.0 0.09 0.0004 692

Tug (Tier 4 compliant post 2016) (lb/bhp-hr) 0.003 0.00822 0.00031 0.00066 0.00012 0.00010 0.00010 0.000007 1.13 0.00015 0.00000 1.14

Source:

ARB, 2011a. Initial Statement of Reasons for Proposed Rulemaking, Proposed Amendments to the Regulations “Fuel Sulfur and Other Operational Requirements for Ocean-Going Vessels within California Waters and 24 Nautical Miles of the California Baseline” 

Appendix D, Emission Estimation Methodology for Ocean Going Vessels, May 2011.  Tables II-6, II-7 (main engines) and Table II-8 Auxilary Engine only for PM10, PM2.5 and CO2; 

Other Emissions Factros from USEPA Marine Compression Ignition Exhaust Emission Standards for highest Tier engines (auxillary and Tugs C2; main engine C3) all standars fully impletemented by 2016 assume all engines by 2028 comply with these standards

For C3 engines assume lowest engine speed which corresponds with highest emission rate See:	http://www.epa.gov/otaq/standards/nonroad/marineci.htm

Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Travel Distance:

Ship Miles 11.35 miles Travel distance from berth site in Longview, west along Columbia River to Cowlitz County line (one-way)

Emission Rates (tpy)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 Operational Emissions Marine Vessels

Ships (Cargo and Tugs) - (Onsite) 14 39 1.5 3.1 0.6 0.5 0.5 0.03 5317 0.7 0.0031 5335

Ships (cargo transit) - (Offsite) 0 0 0.0 0.0 0.0 0.0 0.0 0.00 0 0.0 0.0000 0

Total 14 39 1.5 3.1 0.6 0.5 0.5 0.03 5317 0.7 0.00 5335

HAP Emission factors from: EPA AP-42, Section 3.4;  Sum of HAPs factors from Table 3.4-3 and 3.4-4.



APPENDIX I
CARGO VESSEL EMISSIONS (CAP emissions within State of WA except Cowlitz County) Table II-5: OGV Auxiliary Engine Load Characteristics (percent load)

Bulk Carrier/General Cargo

Load Factor (%)

Hoteling 10%

Maneuvering 45%

Transit 17%

ARB, 2011a. Initial Statement of Reasons for Proposed Rulemaking, Proposed Amendments to
the Regulations “Fuel Sulfur and Other Operational Requirements for Ocean-Going 
Vessels within California Waters and 24 Nautical Miles of the California Baseline” 

Panamax Size Engine 16368 hp Appendix D, Emission Estimation Methodology for Ocean Going Vessels, May 2011. 
Handymax Size Engine 10153 hp Data http://www.arb.ca.gov/msei/categories.htm#ogv_category 
Panamax auxillary engine size 3039 hp

Handymax Auxilliary Engine Size 1885 hp Load Factors for Main Engine based on Propeller Law Equation assuming 11 knots transit in river and 4 knots manuvering

Main Engine Load (loaded in transit) 37% Percent Load Main Engine Load ( manuvering) 2% Percent Load* * Need to apply low load adjustment factor to main engine manuvering Engine Cruise Transit Maneuver
Main Engine Load (unloaded in transit) 37% Percent Load Low load adjustment factor for low load manuvering Propulsion 83% 37% 2%

At	full	cruise	engines	run	at	83%	of	capacity	with	maximum	speed	of	15.3	knots
Auxillary Engine Load (transit) 17% Percent Load Auxillary Engine Load (manuvering) 45% Percent Load Auxillary Engine Load (hoteling) 10% Percent Load Propeller	equation	 LF = (AS/MS)

3

where	 LF = Load Factor (percent)
AS = Actual Speed (knots)
MS = Maximum Speed (knots)

Number of ship call in 2028 840

Percent of calls by Panamax 80 percent

Percent of call by Handymax 20 percent Classification DWT Range Main Engine (kW)
Auxiliary Engine 

(kW)
Main Engine (hp)

Auxiliary Engine 

(kW)
Ship Berth Time ((Hoteling) 13 hrs HandyMax 40,000 ‐ 60,000 7577 1407 10153.18 1885.38
Main Ship (Manuvering) 1.0 hrs PanaMax 60,000 ‐  12215 2268 16368.1 3039.12
Trannsit Time round trip Cowlitz county line to 3 nm 4.10 hrs Lower bound  speeds in the open reaches of the Columbia River Channel are 12 knots, somewhat slower speeds when Source: Sea-Web (http://www.sea-web.com)

(assumed 10 knots). See: Marine Traffic Technical Report, Feb 2015 , pages 37 and page 49. The sea-web data is produced by IHS Global Limited, headquartered in Bracknell, England. The data is based on Lloyd’s Register of Ships Sea-ewb provided shi characteristics data for shios over 100 gross tons. 

On-site Full Operation (2028) Based on the ships currently in service (2014) that have stopped at US ports. 

Low Speed Adjustment for Main Engine During Ship Manuvering

Ships/yr (Panamax) 672 number Based on the Propeller law used to estimate shps propulsion loads, based on law that the propulsion power
varies by the cube of the speed.  Transit speed was assumed to average 11 knots and maneuver speed 4 knots. 

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2

Ships/yr (Handymax) 168                  number 2% load 54.8 41.9 23.6 2.34 2853.6

20% load 11.9 4.2 0.7 0.32 869.1

Adjustment Ratio Increase 4.6 10 31.6 1 7.29 7.29 7.29 31.62 3.28

Pollutant Exponent (x) Intercept (b) Coefficient (a)

PM 1.5 0.2551 0.0059 Slow speed adjustment Ratio of emision rates at 20% load to manuvering Load 2%

NOx 1.5 10.4496 0.1255 emission rate (g/kW-hr) = a (fractional load)^-x + b

Off-site CO 1 0 0.8378

Ships/yr (Panamax) HC 1.5 0 0.0667

Annual Power (main) 33,406,867      hp-hrs/yr 0.1 %S Marine Distillate Fuel SO2 2.3735 only applies to fuel sulfur flow no adjustment for low loads

(aux) 2,849,919        CO2 1 648.6 44.1

Ships/yr (Handymax) Source:  USEPA, 2000. US Environmental Protection Agency, Analysis of Commercial Marine Vessels Emissions and Fuel Consumption Data, February, 2000, EPA420-R-00-002.

Annual Power (main) 5,180,594        hp-hrs/yr 0.1 %S Marine Distillate Fuel (or 1000 ppm)

(aux) 442,001           

Emission Factors

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Maine Engine Manuvering (g/KW-hr) 3.4 5.0 2.0 0.40 0.3041 0.25 0.23 0.00428 588 0.07 0.0004 590 g/kW-hr conversion

Maine Engine Manuvering (lb/hp-hr)) 0.006 0.008 0.003 0.001 0.000500 0.000411 0.000378 0.000007 0.967 0.0001151 0.0000007 0.970 to lb/hpr-hr 0.001644

Aux Engine T4 Transit, Manuver , Hotel (g/KW-hr) 1.8 5.0 0.19 0.40 0.073 0.060 0.060 0.004 690.0 0.09 0.0004 692

Aux Engine T4 Transit, Manuver , Hotel (lb/hp-hr)) 0.0030 0.0082 0.0003 0.0007 0.0001 0.0001 0.0001 0.00001 1.13 0.00015 0.00000 1.14

Main Engine Transit Mode (g/KW-hr) 3.4 5.0 2.0 0.40 0.3041 0.25 0.23 0.00428 588 0.07 0.0004 590

Main Engine Transit Mode (lb/hp-hr) 0.006 0.00822 0.00329 0.00066 0.00050 0.00041 0.00038 0.00001 0.967 0.000115 0.000001 0.970

Tug (Tier 4 compliant post 2016) (g/kW-hr) 1.8 5.0 0.19 0.40 0.073 0.060 0.060 0.004 690.0 0.09 0.0004 692

Tug (Tier 4 compliant post 2016) (lb/bhp-hr) 0.003 0.00822 0.00031 0.00066 0.00012 0.00010 0.00010 0.000007 1.13 0.00015 0.00000 1.14

Source:

ARB, 2011a. Initial Statement of Reasons for Proposed Rulemaking, Proposed Amendments to the Regulations “Fuel Sulfur and Other Operational Requirements for Ocean-Going Vessels within California Waters and 24 Nautical Miles of the California Baseline” 

Appendix D, Emission Estimation Methodology for Ocean Going Vessels, May 2011.  Tables II-6, II-7 (main engines) and Table II-8 Auxilary Engine only for PM10, PM2.5 and CO2;
 
For C3 engines assume lowest engine speed which corresponds with highest emission rate See:	http://www.epa.gov/otaq/standards/nonroad/marineci.htm

Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Travel Distance:

Ship Miles 51.49 miles Travel distance from Cowlitz County line to 3 nautical miles beyond the mouth of the Columbia River (one-way)

Emission Rates (tpy)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 Operational Emissions Marine Vessels

Ships (cargo transit) - (Offsite) 113 172 64.0 13.8 9.8 8.1 7.5 0.15 20518 2.5 0.0138 20584

Total 113 172 64.0 13.8 9.8 8.1 7.5 0.15 20518 2.5 0.01 20584

HAP Emission factors from: EPA AP-42, Section 3.4;  Sum of HAPs factors from Table 3.4-3 and 3.4-4.



APPENDIX I
CARGO VESSEL EMISSIONS Table II-5: OGV Auxiliary Engine Load Characteristics (percent load)

Bulk Carrier/General Cargo

Load Factor (%)

Tugs/Ship 3 (Conservative estimate) Hoteling 10%

Tug Engine Size (propulsion) 4000 hp Maneuvering 45%

Transit 17%

Tug Positioning Time 3 hrs/ship (in-out) (Conservative estimate) ARB, 2011a. Initial Statement of Reasons for Proposed Rulemaking, Proposed Amendments to
Tug Load Factor (Manuvering) 31% Percent Load (Engine load factor for Assist Tugs, from Port of Long Beach Air Emissions Inventory - 2011  (POLB, July 2012).) the Regulations “Fuel Sulfur and Other Operational Requirements for Ocean-Going 

Vessels within California Waters and 24 Nautical Miles of the California Baseline” 
Panamax Size Engine 16368 hp Appendix D, Emission Estimation Methodology for Ocean Going Vessels, May 2011. 
Handymax Size Engine 10153 hp Data http://www.arb.ca.gov/msei/categories.htm#ogv_category 
Panamax auxillary engine size 3039 hp

Handymax Auxilliary Engine Size 1885 hp Load Factors for Main Engine based on Propeller Law Equation assuming 11 knots transit in river and 4 knots manuvering

Main Engine Load (loaded in transit) 37% Percent Load Main Engine Load ( manuvering) 2% Percent Load* * Need to apply low load adjustment factor to main engine manuvering Engine Cruise Transit Maneuver
Main Engine Load (unloaded in transit) 37% Percent Load Low load adjustment factor for low load manuvering Propulsion 83% 37% 2%

At	full	cruise	engines	run	at	83%	of	capacity	with	maximum	speed	of	15.3	knots
Auxillary Engine Load (transit) 17% Percent Load Auxillary Engine Load (manuvering) 45% Percent Load Auxillary Engine Load (hoteling) 10% Percent Load Propeller	equation	 LF = (AS/MS)

3

where	 LF = Load Factor (percent)
AS = Actual Speed (knots)
MS = Maximum Speed (knots)

Number of ship call in 2028 26

Percent of calls by Panamax 0 percent

Percent of call by Handymax 100 percent Classification DWT Range Main Engine  Auxiliary  Main Engine  Auxiliary 
Ship Berth Time ((Hoteling) 13 hrs HandyMax 40,000 ‐ 60,000 7577 1407 10153.18 1885.38
Main Ship (Manuvering) 1.0 hrs PanaMax 60,000 ‐  12215 2268 16368.1 3039.12
Trannsit Time within Cowlitz county 0.90 hrs Lower bound  speeds in the open reaches of the Columbia River Channel are 12 knots, somewhat slower speeds when Source: Sea-Web (http://www.sea-web.com)

loaded (assumed 10 knots). See: Marine Traffic Technical Report, Feb 2015 , pages 37 and page 49. The sea-web data is produced by IHS Global Limited, headquartered in Bracknell, England. The data is based on Lloyd’s Register of Ships Sea-ewb provided shi characteristics data for shios over 100 gross tons. 

On-site Full Operation (2028) Based on the ships currently in service (2014) that have stopped at US ports. 

Coal Throughput 48,501,697      tons/yr

Low Speed Adjustment for Main Engine During Ship Manuvering

Ships/yr (Panamax) 0 number Based on the Propeller law used to estimate shps propulsion loads, based on law that the propulsion power
Annual Power (aux eng) -                   hp-hrs/yr 0.1 %S Marine Distillate Fuel  (2015 onward) varies by the cube of the speed.  Transit speed was assumed to average 11 knots and maneuver speed 4 knots. 
Annual Power (main eng) -                   hp-hrs/yr 0.1 %S Marine Distillate Fuel NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2

Ships/yr (Handymax) 26                    number 2% load 54.8 41.9 23.6 2.34 2853.6

Annual Power (aux eng) 85,785             hp-hrs/yr 0.1 %S Marine Distillate Fuel 20% load 11.9 4.2 0.7 0.32 869.1

Annual Power (main eng) 5,280               hp-hrs/yr 0.1 %S Marine Distillate Fuel (or 1000 ppm) Adjustment Ratio Increase 4.6 10 31.6 1 7.29 7.29 7.29 31.62 3.28

Tugs/yr 78                    number Pollutant Exponent (x) Intercept (b) Coefficient (a)

Annual Power 290,160           hp-hrs/yr diesel low sulfur (15 ppm S) PM 1.5 0.2551 0.0059 Slow speed adjustment Ratio of emision rates at 20% load to manuvering Load 2%

NOx 1.5 10.4496 0.1255 emission rate (g/kW-hr) = a (fractional load)^-x + b

Off-site CO 1 0 0.8378

Ships/yr (Panamax) HC 1.5 0 0.0667

Annual Power (main) -                   hp-hrs/yr 0.1 %S Marine Distillate Fuel SO2 2.3735 only applies to fuel sulfur flow no adjustment for low loads

(aux) -                   CO2 1 648.6 44.1

Ships/yr (Handymax) Source:  USEPA, 2000. US Environmental Protection Agency, Analysis of Commercial Marine Vessels Emissions and Fuel Consumption Data, February, 2000, EPA420-R-00-002.

Annual Power (main) 176,733           hp-hrs/yr 0.1 %S Marine Distillate Fuel (or 1000 ppm)

(aux) 15,079             

Emission Factors

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

Marine Engine Manuvering (g/KW-hr) 3.4 5.0 2.0 0.40 0.3041 0.25 0.23 0.00428 588 0.07 0.0004 590 g/kW-hr conversion

Marine Engine Manuvering (lb/hp-hr)) 0.006 0.00822 0.003 0.001 0.000000 0.000411 0.000378 0.000007 0.967 0.0001151 0.0000007 0.970 to lb/hpr-hr 0.001644

Aux Engine T4 Transit, Manuver , Hotel (g/KW-hr) 1.8 5.0 0.19 0.40 0.073 0.060 0.060 0.004 690.0 0.09 0.0004 692

Aux Engine T4 Transit, Manuver , Hotel (lb/hp-hr)) 0.0030 0.0082 0.0003 0.0007 0.0001 0.0001 0.0001 0.00001 1.13 0.00015 0.00000 1.14

Main Engine Transit Mode (g/KW-hr) 3.4 5.0 2.0 0.40 0.3041 0.25 0.23 0.00428 588 0.07 0.0004 590

Main Engine Transit Mode (lb/hp-hr) 0.006 0.00822 0.00329 0.00066 0.00050 0.00041 0.00038 0.00001 0.967 0.000115 0.000001 0.970

Tug (Tier 4 compliant post 2016) (g/kW-hr) 1.8 5.0 0.19 0.40 0.073 0.060 0.060 0.004 690.0 0.09 0.0004 692

Tug (Tier 4 compliant post 2016) (lb/bhp-hr) 0.003 0.00822 0.00031 0.00066 0.00012 0.00010 0.00010 0.000007 1.13 0.00015 0.00000 1.14

Source:

ARB, 2011a. Initial Statement of Reasons for Proposed Rulemaking, Proposed Amendments to the Regulations “Fuel Sulfur and Other Operational Requirements for Ocean-Going Vessels within California Waters and 24 Nautical Miles of the California Baseline” 

Appendix D, Emission Estimation Methodology for Ocean Going Vessels, May 2011.  Tables II-6, II-7 (main engines) and Table II-8 Auxilary Engine only for PM10, PM2.5 and CO2; 

Other Emissions Factros from USEPA Marine Compression Ignition Exhaust Emission Standards for highest Tier engines (auxillary and Tugs C2; main engine C3) all standars fully impletemented by 2016 assume all engines by 2028 comply with these standards

For C3 engines assume lowest engine speed which corresponds with highest emission rate See:	http://www.epa.gov/otaq/standards/nonroad/marineci.htm

Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Travel Distance:

Ship Miles 11.35 miles Travel distance from berth site in Longview, west along Columbia River to Cowlitz County line (one-way)

Emission Rates (tpy)

NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2 CH4 N2O CO2e

2028 Operational Emissions Marine Vessels

Ships (Cargo and Tugs) - (Onsite) 0.6 1.8 0.3 0.1 0.02 0.03 0.03 0.00 221.61 0.03 0.00 222.4

Ships (cargo transit) - (Offsite) 0.5 0.8 0.3 0.1 0.05 0.04 0.03 0.00 93.97 0.01 0.00 94.3

Total 1.1 2.6 0.63 0.19 0.07 0.06 0.06 0.003 315.6 0.04 0.0002 316.6

HAP Emission factors from: EPA AP-42, Section 3.4;  Sum of HAPs factors from Table 3.4-3 and 3.4-4.



Material Haul Traffic MTBL to Weyerhauser

Full Build-Out

Coal Moved 2,673,990         tons/yr

Number Miles (RT)
1

miles/year Carrying Capacity 51000 lbs/load Based on 77,000 lb GVWR for a 26,000 lb curb weight haul truck

Haul Trucks of Haul Truck Large Capacity Dump Truck 

SR432 @ 35mph 104,862                        2.0 209,725         Loads per year 104,862            trips per year

287                   trips per day

Round trip distance 2.0 miles Weyerhauser to Milleneum 

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O CO2eq HAP
2028

Construction Annual T/year
Combo Short Haul Truck @ 35mph 0.23 0.04 0.01 0.00 0.10 0.02 237.87 0.01 0.00 238.41 0.001

Total: 0.23 0.04 0.01 0.002 0.10 0.02 237.87 0.01 0.00 238.41

Factors:
453.59 g/lb

2000 lbs/ton
5280 ft/mile

3.78541 l/gal
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25
N2O - 298

MOVES factors (g/mile) for surrogate idle were based on 2.5 mi/hr travel.  So to get g/hr, multiply by 2.5 mi/hr.  For onsite/idle, assume 0.25 hr.  So factor is 2.5/.25 to get grams/trip.
mi/hr 2.5
hr 0.25
factor for 1/2 hr idle/trip 10

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O Benzene Form CO2eq

2018

Short Haul Combo - diesel @ 35mph 

(Urban un-restricted) 9.82E-01 1.71E-01 4.41E-02 8.86E-03 4.38E-01 9.24E-02 1.03E+03 6.01E-02 2.77E-03 9.16E-04 1.41E-02 1.03E+03
Short Haul Combo - diesel @ idle (Rural 

unrestricted) 6.00 0.42 0.24 0.02 1.48 0.35 1927.59 0.06 0.00 0.00 0.03 1930.06

Mobile Source - Moves run for Cowlitz County, WY, 2028
Emission factors for Truck Exhaust

Emission factors for Truck Exhaust
Emission Factors (gm/mile)



APPENDIX J
OPERATIONS AND MAINTENANCE EQUIPMENT

Equipment Information

Estimated Number of Units EPA NONROAD EPA NONROAD model combustion emission factor (tons/yr per unit)

Equipment Type Engine Size (hp) Fuel Full Build-Out SCC Number THC-Exhaust    CO-Exhaust     NOx-Exhaust    CO2-Exhaust    SO2-Exhaust    PM-Exhaust     

Loader (miscellaneous use) 300 Diesel 1 2270002060 2.81E-01 1.14E+00 3.47E+00 7.40E+02 1.42E-01 2.96E-01

Bobcat (sump cleaning) 50 Diesel 2 2270002057 7.50E-03 4.18E-02 1.29E-01 1.83E+01 3.60E-03 8.27E-03

10-Ton Truck (sump cleaning) 300 Diesel 2 2270002051 3.06E-02 9.01E-02 3.12E-01 1.09E+02 1.86E-02 3.49E-02

Crane (miscellaneous use) 50 Diesel 1 2270002045 1.27E-05 6.42E-05 2.24E-04 3.15E-02 6.15E-06 1.34E-05

Forklift (miscellaneous use) 40 Propane 1 2267002057 5.20E-05 1.84E-03 2.95E-04 1.52E-01 2.95E-06 1.60E-05

Maintenance Trucks (eg. Ford F150) 300 Gasoline 4 2265003070 1.14E-04 4.20E-03 3.12E-04 2.11E-01 4.36E-05 2.16E-05

Note:
For PM10, PM2.5, and HAPs, use same emission ratio as emission factor ratios for Large Diesel Engines (see Construction worksheet): PM10 and PM2.5 ratio to TSP, and; HAPs ratio to CO. 

Annual Emissions (tpy)

Full Build-Out (tpy) NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2e

Loader (miscellaneous use) 3.47 1.14 0.28 0.14 0.30 0.24 0.24 0.01 740

Bobcat (sump cleaning) 0.26 0.08 0.01 0.01 0.02 0.01 0.01 0.00 37

10-Ton Truck (sump cleaning) 0.62 0.18 0.06 0.04 0.07 0.06 0.06 0.00 218

Crane (miscellaneous use) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0

Forklift (miscellaneous use) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0

Maintenance Trucks (eg. Ford F150) 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 1

Full Build-Out Total (tpy) 4.36 1.42 0.36 0.19 0.38 0.31 0.31 0.01 996



APPENDIX J
OPERATIONS AND MAINTENANCE EQUIPMENT

Equipment Information

Estimated Number of Units EPA NONROAD EPA NONROAD model combustion emission factor (tons/yr per unit)

Equipment Type Engine Size (hp) Fuel Full Build-Out SCC Number THC-Exhaust    CO-Exhaust     NOx-Exhaust    CO2-Exhaust    SO2-Exhaust    PM-Exhaust     

Loader (miscellaneous use) 300 Diesel 1 2270002060 2.81E-01 1.14E+00 3.47E+00 7.40E+02 1.42E-01 2.96E-01

Bobcat (sump cleaning) 50 Diesel 2 2270002057 7.50E-03 4.18E-02 1.29E-01 1.83E+01 3.60E-03 8.27E-03

10-Ton Truck (sump cleaning) 300 Diesel 2 2270002051 3.06E-02 9.01E-02 3.12E-01 1.09E+02 1.86E-02 3.49E-02

Crane (miscellaneous use) 50 Diesel 1 2270002045 1.27E-05 6.42E-05 2.24E-04 3.15E-02 6.15E-06 1.34E-05

Forklift (miscellaneous use) 40 Propane 0 2267002057 5.20E-05 1.84E-03 2.95E-04 1.52E-01 2.95E-06 1.60E-05

Maintenance Trucks (eg. Ford F150) 300 Gasoline 0 2265003070 1.14E-04 4.20E-03 3.12E-04 2.11E-01 4.36E-05 2.16E-05

Note:
For PM10, PM2.5, and HAPs, use same emission ratio as emission factor ratios for Large Diesel Engines (see Construction worksheet): PM 10 and PM2.5 ratio to TSP, and; HAPs ratio to CO. 

Annual Emissions (tpy)

Full Build-Out (tpy) NOx CO VOC SO2 TSP PM10 PM2.5 HAPS CO2e

Loader (miscellaneous use) 3.47 1.14 0.28 0.14 0.30 0.24 0.24 0.01 740

Bobcat (sump cleaning) 0.26 0.08 0.01 0.01 0.02 0.01 0.01 0.00 37

10-Ton Truck (sump cleaning) 0.62 0.18 0.06 0.04 0.07 0.06 0.06 0.00 218

Crane (miscellaneous use) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0

Forklift (miscellaneous use) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0

Maintenance Trucks (eg. Ford F150) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0

Full Build-Out Total (tpy) 4.36 1.40 0.36 0.19 0.38 0.31 0.31 0.01 995



APPENDIX K
Washington State Emissions in tons per year

2011 Emissions Inventory

COWLITZ COUNTY EMISSIONS

Category CO NOx PM10 PM2.5 DSPM2.5 SO2 VOC

AIR 125 2 3 2 0 4

BOAT 887 74 5 5 0 0 298

CONS  549

CONST  523 55

F_COMM 6 2 5 5 0 0

F_RES 5 13 0 0 0 3 1

FERT  

FIRE 68 1 7 6 1 16

FOOD 14 35 33 5

GAS_TRANS 696

GASSTN 138

LIVE

MISC 8 1 2 2 0 2

NAT 3,361 59 11,443

NRM 3,718 389 48 46 24 1 592

OB_nonRES 117 6 24 21 0 7

OB_Res 162 8 38 33 1 22

ORM 22,852 4,281 157 130 83 13 1,649

POTW 2

PT 2,507 3,616 182 172 0 791 671

ROADS 381 93

RR 137 789 23 23 23 6 43

RWC 2,026 31 290 290 5 346

SHIP 150 1,109 37 34 34 199 46

SOLV 390

TILL_HARV 109 22

   Total 36,142 10,382 1,872 971 164 1,020 16,919

Source: Compiled from data in Ecology's Washington State 2011 County Emissions Inventory (April 25, 

(http://www.ecy.wa.gov/programs/air/EmissionInventory/AirEmissionInventory.htm)

NOTES:

1) Source Category Abbreviations

Abbreviation Source Category Description

AIR Aircraft: military, commercial, general aviation

BOAT Recreational boats

CONS Commercial and consumer solvents

CONST Construction

F_COMM Commercial fuel use: natural gas, oil, LPG

F_RES Residential fuel use: natural gas, oil, LPG

FERT Fertilizer application

FIRE Wildfires

FOOD Food and Kindred Products

GAS_TRANS Aviation gas storage and transport, petroleum gas cans, bulk plants, and truck transport

GASSTN Gasoline stations

LIVE Livestock wastes

MISC Structure and motor vehicle fires, Cremation, Dental alloy production, Bench scale reagents, Fluore

NAT Natural emissions from soil and vegetation

NRM Nonroad mobile except locomotives

OB_nonRES Agricultural and silvicultural burning

OB_Res Residential outdoor burning: yard waste, trash

ORM Onroad mobile sources

POTW Publicly owned treatment works

PT Point sources

ROADS Paved and unpaved road dust

RR Locomotives

RWC Woodstoves, fireplaces, inserts

SHIP Commercial marine vessels

SOLV Dry cleaning, graphic arts, surface coating: industrial

TILL_HARV Agricultural tilling and harvesting

2) Pollutant Abbreviations

Abbreviation Pollutant Name

PM10 particulate matter less than or equal to 10 microns in diameter

PM2.5 particulate matter less than or equal to 2.5 microns in diameter

DSPM 2.5 particulate matter less than or equal to 2.5 microns in diameter from diesel combustion

SO2 sulfur dioxide

NOx nitrogen oxides

VOC volatile organic hydrocarbons

CO carbon monoxide



Sum of emisRate - 55 mph Pollutant RateUnit =CO2(eq)-(CH4*25)-(NO2*298) 
PM2.5 Tirewear PM2.5 BrakewearPM10 Tirewear PM10 Brakewear PM10 Total Exh VOC SO2 NOx CO Methane (CH4) N2O Benzene Formaldehyde CO2 Equivalent PM2.5 Total ExhNOx PM10 PM2.5 SO2 CO VOC CO2 Methane (CH4) N2O Benzene Formaldehyde CO2 Equivalent

RoadType yearID FuelType SourceType g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi
Rural Restricted Access 2018 Diesel Fuel Combination Long-haul Truck 3.90E-03 4.90E-03 2.60E-02 3.92E-02 2.15E-01 2.52E-01 1.44E-02 5.75E+00 1.27E+00 2.77E-02 1.42E-03 1.90E-03 2.12E-02 1.64E+03 1.98E-01 5.75E+00 2.80E-01 2.06E-01 1.44E-02 1.27E+00 2.52E-01 1.64E+03 2.77E-02 1.42E-03 1.90E-03 2.12E-02 1.64E+03

Combination Short-haul Truck 3.51E-03 4.65E-03 2.34E-02 3.72E-02 1.58E-01 2.02E-01 1.36E-02 4.63E+00 1.01E+00 2.92E-02 1.42E-03 1.53E-03 1.76E-02 1.56E+03 1.45E-01 4.63E+00 2.18E-01 1.53E-01 1.36E-02 1.01E+00 2.02E-01 1.56E+03 2.92E-02 1.42E-03 1.53E-03 1.76E-02 1.56E+03
Intercity Bus 3.09E-03 4.08E-03 2.06E-02 3.26E-02 3.44E-01 4.29E-01 1.44E-02 9.54E+00 1.96E+00 2.04E-02 1.36E-03 3.25E-03 3.41E-02 1.61E+03 3.17E-01 9.54E+00 3.98E-01 3.24E-01 1.44E-02 1.96E+00 4.29E-01 1.61E+03 2.04E-02 1.36E-03 3.25E-03 3.41E-02 1.61E+03
Passenger Car 1.03E-03 7.37E-04 6.86E-03 5.89E-03 3.82E-03 1.98E-02 2.49E-03 1.10E-01 1.85E+00 8.79E-03 2.77E-04 1.78E-04 2.49E-03 2.87E+02 3.52E-03 1.10E-01 1.66E-02 5.28E-03 2.49E-03 1.85E+00 1.98E-02 2.87E+02 8.79E-03 2.77E-04 1.78E-04 2.49E-03 2.87E+02
Passenger Truck 1.29E-03 1.13E-03 8.58E-03 9.04E-03 3.71E-02 1.18E-01 5.04E-03 9.23E-01 1.76E+00 1.99E-02 1.04E-03 9.80E-04 1.14E-02 5.78E+02 3.41E-02 9.23E-01 5.47E-02 3.65E-02 5.04E-03 1.76E+00 1.18E-01 5.77E+02 1.99E-02 1.04E-03 9.80E-04 1.14E-02 5.78E+02
School Bus 1.88E-03 4.17E-03 1.25E-02 3.34E-02 2.65E-01 5.10E-01 9.18E-03 5.52E+00 1.55E+00 2.30E-02 1.36E-03 3.97E-03 4.14E-02 1.03E+03 2.44E-01 5.52E+00 3.11E-01 2.50E-01 9.18E-03 1.55E+00 5.10E-01 1.03E+03 2.30E-02 1.36E-03 3.97E-03 4.14E-02 1.03E+03
Single Unit Long-haul Truck 2.21E-03 4.35E-03 1.47E-02 3.48E-02 8.92E-02 1.85E-01 7.25E-03 1.85E+00 6.85E-01 3.03E-02 1.36E-03 1.51E-03 1.75E-02 8.34E+02 8.21E-02 1.85E+00 1.39E-01 8.86E-02 7.25E-03 6.85E-01 1.85E-01 8.33E+02 3.03E-02 1.36E-03 1.51E-03 1.75E-02 8.34E+02
Single Unit Short-haul Truck 2.00E-03 3.87E-03 1.33E-02 3.10E-02 1.07E-01 2.09E-01 7.81E-03 2.26E+00 7.94E-01 3.01E-02 1.36E-03 1.70E-03 1.94E-02 8.95E+02 9.84E-02 2.26E+00 1.51E-01 1.04E-01 7.81E-03 7.94E-01 2.09E-01 8.94E+02 3.01E-02 1.36E-03 1.70E-03 1.94E-02 8.95E+02
Transit Bus 2.06E-03 2.61E-03 1.37E-02 2.09E-02 3.06E-01 4.38E-01 1.31E-02 7.76E+00 2.46E+00 2.46E-02 1.36E-03 3.36E-03 3.55E-02 1.49E+03 2.82E-01 7.76E+00 3.41E-01 2.87E-01 1.31E-02 2.46E+00 4.38E-01 1.49E+03 2.46E-02 1.36E-03 3.36E-03 3.55E-02 1.49E+03
Motor Home 1.67E-03 3.11E-03 1.11E-02 2.49E-02 1.75E-01 3.57E-01 8.84E-03 3.63E+00 1.16E+00 2.65E-02 1.36E-03 2.80E-03 3.01E-02 1.00E+03 1.61E-01 3.63E+00 2.11E-01 1.66E-01 8.84E-03 1.16E+00 3.57E-01 1.00E+03 2.65E-02 1.36E-03 2.80E-03 3.01E-02 1.00E+03
Refuse Truck 3.75E-03 4.49E-03 2.50E-02 3.59E-02 1.68E-01 2.03E-01 1.40E-02 4.63E+00 9.91E-01 2.75E-02 1.36E-03 1.52E-03 1.74E-02 1.60E+03 1.55E-01 4.63E+00 2.29E-01 1.63E-01 1.40E-02 9.91E-01 2.03E-01 1.60E+03 2.75E-02 1.36E-03 1.52E-03 1.74E-02 1.60E+03
Light Commercial Truck 1.25E-03 1.19E-03 8.33E-03 9.55E-03 4.39E-02 1.36E-01 4.72E-03 9.54E-01 1.91E+00 1.81E-02 9.49E-04 1.12E-03 1.26E-02 5.39E+02 4.04E-02 9.54E-01 6.18E-02 4.28E-02 4.72E-03 1.91E+00 1.36E-01 5.38E+02 1.81E-02 9.49E-04 1.12E-03 1.26E-02 5.39E+02

Gasoline Combination Short-haul Truck 1.92E-03 3.24E-03 1.28E-02 2.59E-02 3.61E-01 2.47E+00 9.98E-03 1.10E+01 1.27E+02 1.33E-01 1.34E-02 8.09E-02 3.10E-02 1.51E+03 3.19E-01 1.10E+01 4.00E-01 3.25E-01 9.98E-03 1.27E+02 2.47E+00 1.50E+03 1.33E-01 1.34E-02 8.09E-02 3.10E-02 1.51E+03
Motorcycle 5.15E-04 5.67E-05 3.43E-03 4.54E-04 3.59E-02 5.46E-01 2.63E-03 8.78E-01 1.32E+01 2.33E-02 1.41E-03 2.34E-02 8.41E-03 3.96E+02 3.18E-02 8.78E-01 3.98E-02 3.23E-02 2.63E-03 1.32E+01 5.46E-01 3.95E+02 2.33E-02 1.41E-03 2.34E-02 8.41E-03 3.96E+02
Passenger Car 1.03E-03 7.37E-04 6.86E-03 5.89E-03 6.87E-03 3.39E-02 1.92E-03 1.89E-01 2.53E+00 3.39E-03 8.62E-04 1.17E-03 4.33E-04 2.89E+02 6.08E-03 1.89E-01 1.96E-02 7.84E-03 1.92E-03 2.53E+00 3.39E-02 2.89E+02 3.39E-03 8.62E-04 1.17E-03 4.33E-04 2.89E+02
Passenger Truck 1.04E-03 1.18E-03 6.91E-03 9.48E-03 9.46E-03 7.07E-02 2.56E-03 3.77E-01 4.09E+00 5.68E-03 1.51E-03 2.51E-03 9.27E-04 3.85E+02 8.37E-03 3.77E-01 2.59E-02 1.06E-02 2.56E-03 4.09E+00 7.07E-02 3.84E+02 5.68E-03 1.51E-03 2.51E-03 9.27E-04 3.85E+02
School Bus 1.88E-03 4.17E-03 1.25E-02 3.33E-02 1.96E-01 1.28E+00 6.89E-03 5.86E+00 5.19E+01 6.10E-02 1.15E-02 4.18E-02 1.59E-02 1.04E+03 1.73E-01 5.86E+00 2.42E-01 1.79E-01 6.89E-03 5.19E+01 1.28E+00 1.04E+03 6.10E-02 1.15E-02 4.18E-02 1.59E-02 1.04E+03
Single Unit Long-haul Truck 1.52E-03 2.97E-03 1.02E-02 2.37E-02 2.09E-01 7.73E-01 6.08E-03 4.63E+00 2.85E+01 2.57E-02 1.81E-02 2.46E-02 9.31E-03 9.21E+02 1.85E-01 4.63E+00 2.43E-01 1.89E-01 6.08E-03 2.85E+01 7.73E-01 9.15E+02 2.57E-02 1.81E-02 2.46E-02 9.31E-03 9.21E+02
Single Unit Short-haul Truck 1.52E-03 2.91E-03 1.01E-02 2.32E-02 4.58E-02 1.95E-01 6.25E-03 1.07E+00 7.75E+00 3.97E-03 4.94E-03 6.27E-03 2.27E-03 9.41E+02 4.05E-02 1.07E+00 7.91E-02 4.49E-02 6.25E-03 7.75E+00 1.95E-01 9.40E+02 3.97E-03 4.94E-03 6.27E-03 2.27E-03 9.41E+02
Transit Bus 3.02E-03 4.21E-03 2.02E-02 3.37E-02 6.01E-02 3.61E-01 9.13E-03 1.50E+00 1.33E+01 7.56E-03 5.08E-03 1.00E-02 3.59E-03 1.37E+03 5.32E-02 1.50E+00 1.14E-01 6.04E-02 9.13E-03 1.33E+01 3.61E-01 1.37E+03 7.56E-03 5.08E-03 1.00E-02 3.59E-03 1.37E+03
Motor Home 1.67E-03 3.11E-03 1.11E-02 2.49E-02 1.09E-01 5.31E-01 6.77E-03 2.49E+00 2.18E+01 1.62E-02 8.72E-03 1.68E-02 6.25E-03 1.02E+03 9.65E-02 2.49E+00 1.45E-01 1.01E-01 6.77E-03 2.18E+01 5.31E-01 1.02E+03 1.62E-02 8.72E-03 1.68E-02 6.25E-03 1.02E+03
Refuse Truck 1.52E-03 1.93E-03 1.01E-02 1.54E-02 2.33E-01 8.36E-01 9.93E-03 5.16E+00 3.49E+01 2.23E-02 2.08E-02 2.54E-02 9.51E-03 1.50E+03 2.06E-01 5.16E+00 2.58E-01 2.09E-01 9.93E-03 3.49E+01 8.36E-01 1.49E+03 2.23E-02 2.08E-02 2.54E-02 9.51E-03 1.50E+03
Light Commercial Truck 1.05E-03 1.24E-03 7.03E-03 9.92E-03 8.41E-03 5.84E-02 2.50E-03 3.36E-01 3.71E+00 5.23E-03 1.52E-03 2.09E-03 7.66E-04 3.77E+02 7.44E-03 3.36E-01 2.54E-02 9.73E-03 2.50E-03 3.71E+00 5.84E-02 3.77E+02 5.23E-03 1.52E-03 2.09E-03 7.66E-04 3.77E+02

Compressed Natural Gas (CNG) Transit Bus 2.06E-03 2.61E-03 1.37E-02 2.09E-02 6.65E-02 4.35E-01 7.16E-03 4.23E+00 7.37E+00 3.90E+00 2.76E-02 6.92E-04 1.93E-01 1.46E+03 5.89E-02 4.23E+00 1.01E-01 6.35E-02 7.16E-03 7.37E+00 4.35E-01 1.35E+03 3.90E+00 2.76E-02 6.92E-04 1.93E-01 1.46E+03
Ethanol (E-85) Passenger Car 1.03E-03 7.37E-04 6.86E-03 5.89E-03 2.85E-03 1.96E-02 2.17E-03 7.68E-02 1.62E+00 5.40E-03 6.37E-04 3.56E-04 4.39E-04 2.83E+02 2.52E-03 7.68E-02 1.56E-02 4.28E-03 2.17E-03 1.62E+00 1.96E-02 2.82E+02 5.40E-03 6.37E-04 3.56E-04 4.39E-04 2.83E+02

Passenger Truck 1.03E-03 1.19E-03 6.86E-03 9.49E-03 3.93E-03 3.09E-02 2.77E-03 1.29E-01 2.16E+00 9.95E-03 8.43E-04 5.84E-04 7.26E-04 3.61E+02 3.47E-03 1.29E-01 2.03E-02 5.69E-03 2.77E-03 2.16E+00 3.09E-02 3.60E+02 9.95E-03 8.43E-04 5.84E-04 7.26E-04 3.61E+02
Light Commercial Truck 1.03E-03 1.25E-03 6.86E-03 9.96E-03 3.57E-03 2.86E-02 2.69E-03 1.20E-01 1.95E+00 9.01E-03 8.40E-04 5.38E-04 6.59E-04 3.50E+02 3.16E-03 1.20E-01 2.04E-02 5.43E-03 2.69E-03 1.95E+00 2.86E-02 3.50E+02 9.01E-03 8.40E-04 5.38E-04 6.59E-04 3.50E+02

Rural Unrestricted Acces 2018 Diesel Fuel Combination Long-haul Truck 4.26E-03 7.50E-03 2.84E-02 6.00E-02 2.21E-01 2.77E-01 1.42E-02 5.78E+00 1.35E+00 3.17E-02 1.66E-03 2.11E-03 2.37E-02 1.61E+03 2.04E-01 5.78E+00 3.10E-01 2.16E-01 1.42E-02 1.35E+00 2.77E-01 1.61E+03 3.17E-02 1.66E-03 2.11E-03 2.37E-02 1.61E+03
Combination Short-haul Truck 3.83E-03 7.03E-03 2.55E-02 5.63E-02 1.60E-01 2.20E-01 1.33E-02 4.58E+00 1.07E+00 3.35E-02 1.66E-03 1.70E-03 1.97E-02 1.52E+03 1.47E-01 4.58E+00 2.42E-01 1.58E-01 1.33E-02 1.07E+00 2.20E-01 1.52E+03 3.35E-02 1.66E-03 1.70E-03 1.97E-02 1.52E+03
Intercity Bus 3.51E-03 6.81E-03 2.34E-02 5.45E-02 3.54E-01 4.85E-01 1.36E-02 9.09E+00 2.11E+00 2.42E-02 1.66E-03 3.72E-03 3.90E-02 1.52E+03 3.25E-01 9.09E+00 4.31E-01 3.36E-01 1.36E-02 2.11E+00 4.85E-01 1.52E+03 2.42E-02 1.66E-03 3.72E-03 3.90E-02 1.52E+03
Passenger Car 1.17E-03 1.30E-03 7.80E-03 1.04E-02 2.82E-03 1.54E-02 2.42E-03 9.03E-02 1.15E+00 6.09E-03 3.38E-04 1.32E-04 1.81E-03 2.79E+02 2.60E-03 9.03E-02 2.10E-02 5.06E-03 2.42E-03 1.15E+00 1.54E-02 2.79E+02 6.09E-03 3.38E-04 1.32E-04 1.81E-03 2.79E+02
Passenger Truck 1.46E-03 2.01E-03 9.74E-03 1.61E-02 3.76E-02 1.24E-01 4.95E-03 9.00E-01 1.32E+00 1.99E-02 1.26E-03 1.03E-03 1.19E-02 5.68E+02 3.46E-02 9.00E-01 6.34E-02 3.80E-02 4.95E-03 1.32E+00 1.24E-01 5.67E+02 1.99E-02 1.26E-03 1.03E-03 1.19E-02 5.68E+02
School Bus 2.13E-03 5.95E-03 1.42E-02 4.76E-02 2.70E-01 5.54E-01 7.50E-03 4.50E+00 1.58E+00 2.55E-02 1.66E-03 4.35E-03 4.54E-02 8.42E+02 2.48E-01 4.50E+00 3.32E-01 2.57E-01 7.50E-03 1.58E+00 5.54E-01 8.41E+02 2.55E-02 1.66E-03 4.35E-03 4.54E-02 8.42E+02
Single Unit Long-haul Truck 2.51E-03 6.29E-03 1.67E-02 5.03E-02 9.30E-02 2.12E-01 6.32E-03 1.69E+00 7.56E-01 3.58E-02 1.66E-03 1.75E-03 2.04E-02 7.26E+02 8.56E-02 1.69E+00 1.60E-01 9.44E-02 6.32E-03 7.56E-01 2.12E-01 7.25E+02 3.58E-02 1.66E-03 1.75E-03 2.04E-02 7.26E+02
Single Unit Short-haul Truck 2.27E-03 5.63E-03 1.51E-02 4.50E-02 1.13E-01 2.41E-01 6.88E-03 2.08E+00 8.78E-01 3.56E-02 1.66E-03 1.98E-03 2.27E-02 7.88E+02 1.04E-01 2.08E+00 1.73E-01 1.12E-01 6.88E-03 8.78E-01 2.41E-01 7.87E+02 3.56E-02 1.66E-03 1.98E-03 2.27E-02 7.88E+02
Transit Bus 2.34E-03 4.28E-03 1.56E-02 3.42E-02 2.86E-01 4.54E-01 1.14E-02 6.85E+00 2.38E+00 2.73E-02 1.66E-03 3.52E-03 3.73E-02 1.29E+03 2.63E-01 6.85E+00 3.36E-01 2.70E-01 1.14E-02 2.38E+00 4.54E-01 1.29E+03 2.73E-02 1.66E-03 3.52E-03 3.73E-02 1.29E+03
Motor Home 1.90E-03 4.62E-03 1.27E-02 3.69E-02 1.89E-01 4.12E-01 7.30E-03 3.07E+00 1.28E+00 3.15E-02 1.66E-03 3.27E-03 3.52E-02 8.28E+02 1.74E-01 3.07E+00 2.38E-01 1.80E-01 7.30E-03 1.28E+00 4.12E-01 8.27E+02 3.15E-02 1.66E-03 3.27E-03 3.52E-02 8.28E+02
Refuse Truck 4.26E-03 7.54E-03 2.84E-02 6.03E-02 1.67E-01 2.25E-01 1.30E-02 4.41E+00 1.07E+00 3.26E-02 1.66E-03 1.74E-03 2.00E-02 1.49E+03 1.54E-01 4.41E+00 2.56E-01 1.66E-01 1.30E-02 1.07E+00 2.25E-01 1.48E+03 3.26E-02 1.66E-03 1.74E-03 2.00E-02 1.49E+03
Light Commercial Truck 1.42E-03 2.04E-03 9.47E-03 1.63E-02 4.52E-02 1.46E-01 4.71E-03 9.40E-01 1.48E+00 1.75E-02 1.16E-03 1.19E-03 1.33E-02 5.37E+02 4.16E-02 9.40E-01 7.10E-02 4.50E-02 4.71E-03 1.48E+00 1.46E-01 5.37E+02 1.75E-02 1.16E-03 1.19E-03 1.33E-02 5.37E+02

Gasoline Combination Short-haul Truck 2.10E-03 4.70E-03 1.40E-02 3.76E-02 2.41E-01 2.43E+00 9.70E-03 1.06E+01 1.18E+02 1.31E-01 1.57E-02 7.97E-02 3.06E-02 1.47E+03 2.13E-01 1.06E+01 2.92E-01 2.20E-01 9.70E-03 1.18E+02 2.43E+00 1.46E+03 1.31E-01 1.57E-02 7.97E-02 3.06E-02 1.47E+03
Motorcycle 5.85E-04 1.07E-04 3.90E-03 8.58E-04 2.45E-02 5.69E-01 2.54E-03 8.85E-01 1.33E+01 2.44E-02 1.72E-03 2.44E-02 8.79E-03 3.83E+02 2.17E-02 8.85E-01 2.92E-02 2.23E-02 2.54E-03 1.33E+01 5.69E-01 3.82E+02 2.44E-02 1.72E-03 2.44E-02 8.79E-03 3.83E+02
Passenger Car 1.17E-03 1.30E-03 7.80E-03 1.04E-02 4.60E-03 2.95E-02 1.87E-03 1.65E-01 1.65E+00 2.52E-03 1.05E-03 9.86E-04 3.65E-04 2.82E+02 4.07E-03 1.65E-01 2.28E-02 6.54E-03 1.87E-03 1.65E+00 2.95E-02 2.81E+02 2.52E-03 1.05E-03 9.86E-04 3.65E-04 2.82E+02
Passenger Truck 1.18E-03 2.10E-03 7.85E-03 1.68E-02 5.66E-03 6.15E-02 2.47E-03 3.21E-01 2.68E+00 4.02E-03 1.84E-03 2.12E-03 7.84E-04 3.73E+02 5.01E-03 3.21E-01 3.04E-02 8.29E-03 2.47E-03 2.68E+00 6.15E-02 3.72E+02 4.02E-03 1.84E-03 2.12E-03 7.84E-04 3.73E+02
School Bus 2.13E-03 5.95E-03 1.42E-02 4.76E-02 6.57E-02 1.07E+00 5.69E-03 4.79E+00 3.51E+01 5.07E-02 1.40E-02 3.49E-02 1.33E-02 8.61E+02 5.81E-02 4.79E+00 1.27E-01 6.62E-02 5.69E-03 3.51E+01 1.07E+00 8.56E+02 5.07E-02 1.40E-02 3.49E-02 1.33E-02 8.61E+02
Single Unit Long-haul Truck 1.73E-03 4.11E-03 1.15E-02 3.29E-02 2.36E-02 6.60E-01 5.31E-03 4.18E+00 2.12E+01 2.17E-02 2.21E-02 2.10E-02 7.93E-03 8.06E+02 2.09E-02 4.18E+00 6.81E-02 2.67E-02 5.31E-03 2.12E+01 6.60E-01 7.99E+02 2.17E-02 2.21E-02 2.10E-02 7.93E-03 8.06E+02
Single Unit Short-haul Truck 1.73E-03 4.10E-03 1.15E-02 3.28E-02 1.08E-02 1.71E-01 5.55E-03 9.75E-01 6.48E+00 3.44E-03 6.03E-03 5.51E-03 1.99E-03 8.36E+02 9.60E-03 9.75E-01 5.52E-02 1.54E-02 5.55E-03 6.48E+00 1.71E-01 8.34E+02 3.44E-03 6.03E-03 5.51E-03 1.99E-03 8.36E+02
Transit Bus 3.43E-03 6.79E-03 2.29E-02 5.44E-02 2.83E-02 3.35E-01 8.01E-03 1.31E+00 1.14E+01 7.02E-03 6.20E-03 9.57E-03 3.44E-03 1.21E+03 2.50E-02 1.31E+00 1.06E-01 3.53E-02 8.01E-03 1.14E+01 3.35E-01 1.20E+03 7.02E-03 6.20E-03 9.57E-03 3.44E-03 1.21E+03
Motor Home 1.90E-03 4.62E-03 1.27E-02 3.69E-02 2.28E-02 4.40E-01 5.73E-03 2.17E+00 1.56E+01 1.32E-02 1.06E-02 1.39E-02 5.17E-03 8.65E+02 2.02E-02 2.17E+00 7.24E-02 2.67E-02 5.73E-03 1.56E+01 4.40E-01 8.61E+02 1.32E-02 1.06E-02 1.39E-02 5.17E-03 8.65E+02
Refuse Truck 1.73E-03 3.07E-03 1.15E-02 2.46E-02 1.01E-01 8.31E-01 9.33E-03 4.92E+00 3.26E+01 2.18E-02 2.53E-02 2.55E-02 9.55E-03 1.41E+03 8.90E-02 4.92E+00 1.37E-01 9.38E-02 9.33E-03 3.26E+01 8.31E-01 1.40E+03 2.18E-02 2.53E-02 2.55E-02 9.55E-03 1.41E+03
Light Commercial Truck 1.20E-03 2.11E-03 7.98E-03 1.69E-02 5.44E-03 5.23E-02 2.47E-03 2.96E-01 2.63E+00 3.91E-03 1.85E-03 1.82E-03 6.68E-04 3.72E+02 4.81E-03 2.96E-01 3.03E-02 8.12E-03 2.47E-03 2.63E+00 5.23E-02 3.71E+02 3.91E-03 1.85E-03 1.82E-03 6.68E-04 3.72E+02

Compressed Natural Gas (CNG) Transit Bus 2.34E-03 4.28E-03 1.56E-02 3.42E-02 4.72E-02 4.01E-01 6.28E-03 3.70E+00 6.38E+00 3.67E+00 3.37E-02 6.46E-04 1.75E-01 1.29E+03 4.17E-02 3.70E+00 9.70E-02 4.83E-02 6.28E-03 6.38E+00 4.01E-01 1.19E+03 3.67E+00 3.37E-02 6.46E-04 1.75E-01 1.29E+03
Ethanol (E-85) Passenger Car 1.17E-03 1.30E-03 7.80E-03 1.04E-02 2.02E-03 1.62E-02 2.12E-03 6.38E-02 1.02E+00 3.88E-03 7.77E-04 2.71E-04 3.30E-04 2.75E+02 1.78E-03 6.38E-02 2.02E-02 4.25E-03 2.12E-03 1.02E+00 1.62E-02 2.75E+02 3.88E-03 7.77E-04 2.71E-04 3.30E-04 2.75E+02

Passenger Truck 1.17E-03 2.11E-03 7.80E-03 1.69E-02 2.48E-03 2.44E-02 2.68E-03 9.86E-02 1.30E+00 6.70E-03 1.03E-03 4.27E-04 5.23E-04 3.49E+02 2.20E-03 9.86E-02 2.71E-02 5.47E-03 2.68E-03 1.30E+00 2.44E-02 3.49E+02 6.70E-03 1.03E-03 4.27E-04 5.23E-04 3.49E+02
Light Commercial Truck 1.17E-03 2.12E-03 7.80E-03 1.70E-02 2.44E-03 2.35E-02 2.65E-03 9.46E-02 1.24E+00 6.32E-03 1.03E-03 4.08E-04 4.93E-04 3.45E+02 2.16E-03 9.46E-02 2.72E-02 5.45E-03 2.65E-03 1.24E+00 2.35E-02 3.44E+02 6.32E-03 1.03E-03 4.08E-04 4.93E-04 3.45E+02

Urban Restricted Access 2018 Diesel Fuel Combination Long-haul Truck 4.13E-03 7.21E-03 2.75E-02 5.77E-02 2.27E-01 2.66E-01 1.44E-02 5.77E+00 1.32E+00 3.02E-02 1.57E-03 2.02E-03 2.26E-02 1.63E+03 2.08E-01 5.77E+00 3.12E-01 2.20E-01 1.44E-02 1.32E+00 2.66E-01 1.63E+03 3.02E-02 1.57E-03 2.02E-03 2.26E-02 1.63E+03
Combination Short-haul Truck 3.71E-03 6.76E-03 2.47E-02 5.40E-02 1.66E-01 2.13E-01 1.36E-02 4.61E+00 1.05E+00 3.18E-02 1.56E-03 1.63E-03 1.88E-02 1.55E+03 1.53E-01 4.61E+00 2.45E-01 1.63E-01 1.36E-02 1.05E+00 2.13E-01 1.55E+03 3.18E-02 1.56E-03 1.63E-03 1.88E-02 1.55E+03
Intercity Bus 3.28E-03 5.73E-03 2.19E-02 4.58E-02 3.59E-01 4.55E-01 1.42E-02 9.39E+00 2.04E+00 2.22E-02 1.49E-03 3.46E-03 3.63E-02 1.59E+03 3.30E-01 9.39E+00 4.27E-01 3.39E-01 1.42E-02 2.04E+00 4.55E-01 1.59E+03 2.22E-02 1.49E-03 3.46E-03 3.63E-02 1.59E+03
Passenger Car 1.09E-03 1.03E-03 7.29E-03 8.21E-03 3.78E-03 1.88E-02 2.49E-03 1.03E-01 1.77E+00 8.10E-03 3.05E-04 1.67E-04 2.32E-03 2.87E+02 3.48E-03 1.03E-01 1.93E-02 5.60E-03 2.49E-03 1.77E+00 1.88E-02 2.87E+02 8.10E-03 3.05E-04 1.67E-04 2.32E-03 2.87E+02
Passenger Truck 1.37E-03 1.58E-03 9.11E-03 1.26E-02 3.80E-02 1.22E-01 5.03E-03 9.23E-01 1.71E+00 2.04E-02 1.14E-03 1.02E-03 1.18E-02 5.76E+02 3.49E-02 9.23E-01 5.97E-02 3.79E-02 5.03E-03 1.71E+00 1.22E-01 5.75E+02 2.04E-02 1.14E-03 1.02E-03 1.18E-02 5.76E+02
School Bus 1.99E-03 5.33E-03 1.33E-02 4.26E-02 2.81E-01 5.48E-01 9.02E-03 5.36E+00 1.64E+00 2.51E-02 1.49E-03 4.28E-03 4.47E-02 1.01E+03 2.58E-01 5.36E+00 3.37E-01 2.66E-01 9.02E-03 1.64E+00 5.48E-01 1.01E+03 2.51E-02 1.49E-03 4.28E-03 4.47E-02 1.01E+03
Single Unit Long-haul Truck 2.34E-03 5.42E-03 1.56E-02 4.33E-02 9.48E-02 1.98E-01 7.42E-03 1.90E+00 7.26E-01 3.28E-02 1.50E-03 1.62E-03 1.89E-02 8.53E+02 8.72E-02 1.90E+00 1.54E-01 9.50E-02 7.42E-03 7.26E-01 1.98E-01 8.52E+02 3.28E-02 1.50E-03 1.62E-03 1.89E-02 8.53E+02
Single Unit Short-haul Truck 2.12E-03 4.84E-03 1.42E-02 3.87E-02 1.14E-01 2.25E-01 7.93E-03 2.30E+00 8.40E-01 3.26E-02 1.50E-03 1.83E-03 2.09E-02 9.09E+02 1.05E-01 2.30E+00 1.67E-01 1.12E-01 7.93E-03 8.40E-01 2.25E-01 9.07E+02 3.26E-02 1.50E-03 1.83E-03 2.09E-02 9.09E+02
Transit Bus 2.19E-03 3.68E-03 1.46E-02 2.95E-02 3.17E-01 4.59E-01 1.29E-02 7.62E+00 2.53E+00 2.68E-02 1.50E-03 3.53E-03 3.74E-02 1.46E+03 2.92E-01 7.62E+00 3.61E-01 2.98E-01 1.29E-02 2.53E+00 4.59E-01 1.46E+03 2.68E-02 1.50E-03 3.53E-03 3.74E-02 1.46E+03
Motor Home 1.77E-03 3.93E-03 1.18E-02 3.15E-02 1.86E-01 3.85E-01 8.70E-03 3.56E+00 1.23E+00 2.89E-02 1.50E-03 3.02E-03 3.25E-02 9.87E+02 1.71E-01 3.56E+00 2.29E-01 1.76E-01 8.70E-03 1.23E+00 3.85E-01 9.86E+02 2.89E-02 1.50E-03 3.02E-03 3.25E-02 9.87E+02
Refuse Truck 3.99E-03 6.43E-03 2.66E-02 5.14E-02 1.76E-01 2.14E-01 1.38E-02 4.58E+00 1.04E+00 2.99E-02 1.50E-03 1.62E-03 1.86E-02 1.58E+03 1.62E-01 4.58E+00 2.54E-01 1.72E-01 1.38E-02 1.04E+00 2.14E-01 1.58E+03 2.99E-02 1.50E-03 1.62E-03 1.86E-02 1.58E+03
Light Commercial Truck 1.33E-03 1.65E-03 8.85E-03 1.32E-02 4.51E-02 1.42E-01 4.72E-03 9.54E-01 1.85E+00 1.82E-02 1.04E-03 1.16E-03 1.30E-02 5.38E+02 4.15E-02 9.54E-01 6.71E-02 4.44E-02 4.72E-03 1.85E+00 1.42E-01 5.38E+02 1.82E-02 1.04E-03 1.16E-03 1.30E-02 5.38E+02

Gasoline Combination Short-haul Truck 2.03E-03 4.48E-03 1.35E-02 3.59E-02 3.47E-01 2.58E+00 1.00E-02 1.08E+01 1.25E+02 1.39E-01 1.48E-02 8.47E-02 3.25E-02 1.51E+03 3.07E-01 1.08E+01 3.97E-01 3.14E-01 1.00E-02 1.25E+02 2.58E+00 1.51E+03 1.39E-01 1.48E-02 8.47E-02 3.25E-02 1.51E+03
Motorcycle 5.47E-04 8.12E-05 3.65E-03 6.50E-04 3.67E-02 5.62E-01 2.60E-03 8.75E-01 1.32E+01 2.40E-02 1.55E-03 2.41E-02 8.67E-03 3.92E+02 3.25E-02 8.75E-01 4.10E-02 3.31E-02 2.60E-03 1.32E+01 5.62E-01 3.91E+02 2.40E-02 1.55E-03 2.41E-02 8.67E-03 3.92E+02
Passenger Car 1.09E-03 1.03E-03 7.29E-03 8.21E-03 6.87E-03 3.32E-02 1.92E-03 1.81E-01 2.43E+00 3.18E-03 9.49E-04 1.14E-03 4.21E-04 2.89E+02 6.08E-03 1.81E-01 2.24E-02 8.20E-03 1.92E-03 2.43E+00 3.32E-02 2.89E+02 3.18E-03 9.49E-04 1.14E-03 4.21E-04 2.89E+02
Passenger Truck 1.10E-03 1.66E-03 7.35E-03 1.33E-02 9.43E-03 6.84E-02 2.53E-03 3.57E-01 3.87E+00 5.24E-03 1.66E-03 2.41E-03 8.91E-04 3.82E+02 8.34E-03 3.57E-01 3.00E-02 1.11E-02 2.53E-03 3.87E+00 6.84E-02 3.81E+02 5.24E-03 1.66E-03 2.41E-03 8.91E-04 3.82E+02
School Bus 1.99E-03 5.33E-03 1.33E-02 4.26E-02 1.86E-01 1.32E+00 6.90E-03 5.81E+00 4.94E+01 6.30E-02 1.26E-02 4.33E-02 1.65E-02 1.04E+03 1.64E-01 5.81E+00 2.42E-01 1.72E-01 6.90E-03 4.94E+01 1.32E+00 1.04E+03 6.30E-02 1.26E-02 4.33E-02 1.65E-02 1.04E+03
Single Unit Long-haul Truck 1.62E-03 3.58E-03 1.08E-02 2.87E-02 2.14E-01 8.40E-01 6.24E-03 4.72E+00 2.89E+01 2.76E-02 1.99E-02 2.69E-02 1.02E-02 9.45E+02 1.90E-01 4.72E+00 2.54E-01 1.95E-01 6.24E-03 2.89E+01 8.40E-01 9.38E+02 2.76E-02 1.99E-02 2.69E-02 1.02E-02 9.45E+02
Single Unit Short-haul Truck 1.61E-03 3.55E-03 1.08E-02 2.84E-02 4.64E-02 2.11E-01 6.39E-03 1.09E+00 7.97E+00 4.29E-03 5.44E-03 6.91E-03 2.51E-03 9.63E+02 4.11E-02 1.09E+00 8.56E-02 4.62E-02 6.39E-03 7.97E+00 2.11E-01 9.61E+02 4.29E-03 5.44E-03 6.91E-03 2.51E-03 9.63E+02
Transit Bus 3.21E-03 5.87E-03 2.14E-02 4.70E-02 5.84E-02 3.76E-01 9.08E-03 1.49E+00 1.33E+01 7.87E-03 5.59E-03 1.07E-02 3.84E-03 1.37E+03 5.16E-02 1.49E+00 1.27E-01 6.07E-02 9.08E-03 1.33E+01 3.76E-01 1.36E+03 7.87E-03 5.59E-03 1.07E-02 3.84E-03 1.37E+03
Motor Home 1.77E-03 3.93E-03 1.18E-02 3.15E-02 1.10E-01 5.57E-01 6.78E-03 2.49E+00 2.13E+01 1.68E-02 9.60E-03 1.79E-02 6.63E-03 1.02E+03 9.72E-02 2.49E+00 1.53E-01 1.03E-01 6.78E-03 2.13E+01 5.57E-01 1.02E+03 1.68E-02 9.60E-03 1.79E-02 6.63E-03 1.02E+03
Refuse Truck 1.62E-03 2.61E-03 1.08E-02 2.09E-02 2.32E-01 8.97E-01 9.92E-03 5.17E+00 3.50E+01 2.35E-02 2.29E-02 2.75E-02 1.03E-02 1.50E+03 2.06E-01 5.17E+00 2.64E-01 2.10E-01 9.92E-03 3.50E+01 8.97E-01 1.49E+03 2.35E-02 2.29E-02 2.75E-02 1.03E-02 1.50E+03
Light Commercial Truck 1.12E-03 1.72E-03 7.46E-03 1.37E-02 8.26E-03 5.66E-02 2.49E-03 3.18E-01 3.51E+00 4.83E-03 1.67E-03 2.01E-03 7.38E-04 3.75E+02 7.30E-03 3.18E-01 2.94E-02 1.01E-02 2.49E-03 3.51E+00 5.66E-02 3.74E+02 4.83E-03 1.67E-03 2.01E-03 7.38E-04 3.75E+02

Compressed Natural Gas (CNG) Transit Bus 2.19E-03 3.68E-03 1.46E-02 2.95E-02 6.61E-02 4.50E-01 7.12E-03 4.20E+00 7.39E+00 4.11E+00 3.04E-02 7.24E-04 1.98E-01 1.46E+03 5.85E-02 4.20E+00 1.10E-01 6.44E-02 7.12E-03 7.39E+00 4.50E-01 1.34E+03 4.11E+00 3.04E-02 7.24E-04 1.98E-01 1.46E+03
Ethanol (E-85) Passenger Car 1.09E-03 1.03E-03 7.29E-03 8.21E-03 2.83E-03 1.89E-02 2.17E-03 7.25E-02 1.56E+00 5.02E-03 7.01E-04 3.36E-04 4.14E-04 2.83E+02 2.50E-03 7.25E-02 1.83E-02 4.62E-03 2.17E-03 1.56E+00 1.89E-02 2.82E+02 5.02E-03 7.01E-04 3.36E-04 4.14E-04 2.83E+02

Passenger Truck 1.09E-03 1.66E-03 7.29E-03 1.33E-02 3.91E-03 2.91E-02 2.75E-03 1.18E-01 2.03E+00 9.08E-03 9.27E-04 5.42E-04 6.70E-04 3.58E+02 3.46E-03 1.18E-01 2.45E-02 6.21E-03 2.75E-03 2.03E+00 2.91E-02 3.57E+02 9.08E-03 9.27E-04 5.42E-04 6.70E-04 3.58E+02
Light Commercial Truck 1.09E-03 1.72E-03 7.29E-03 1.38E-02 3.50E-03 2.69E-02 2.67E-03 1.09E-01 1.81E+00 8.12E-03 9.24E-04 4.95E-04 6.03E-04 3.48E+02 3.10E-03 1.09E-01 2.46E-02 5.92E-03 2.67E-03 1.81E+00 2.69E-02 3.47E+02 8.12E-03 9.24E-04 4.95E-04 6.03E-04 3.48E+02

Urban Unrestricted Acces 2018 Diesel Fuel Combination Long-haul Truck 4.61E-03 1.40E-02 3.07E-02 1.12E-01 2.54E-01 3.17E-01 1.47E-02 6.07E+00 1.49E+00 3.81E-02 2.07E-03 2.45E-03 2.75E-02 1.68E+03 2.34E-01 6.07E+00 3.97E-01 2.52E-01 1.47E-02 1.49E+00 3.17E-01 1.67E+03 3.81E-02 2.07E-03 2.45E-03 2.75E-02 1.68E+03
Combination Short-haul Truck 4.14E-03 1.28E-02 2.76E-02 1.03E-01 1.83E-01 2.52E-01 1.38E-02 4.78E+00 1.18E+00 4.01E-02 2.07E-03 1.97E-03 2.29E-02 1.58E+03 1.68E-01 4.78E+00 3.13E-01 1.85E-01 1.38E-02 1.18E+00 2.52E-01 1.58E+03 4.01E-02 2.07E-03 1.97E-03 2.29E-02 1.58E+03
Intercity Bus 3.80E-03 1.21E-02 2.53E-02 9.68E-02 4.05E-01 5.55E-01 1.42E-02 9.43E+00 2.34E+00 2.87E-02 2.07E-03 4.28E-03 4.49E-02 1.59E+03 3.73E-01 9.43E+00 5.27E-01 3.89E-01 1.42E-02 2.34E+00 5.55E-01 1.59E+03 2.87E-02 2.07E-03 4.28E-03 4.49E-02 1.59E+03
Passenger Car 1.27E-03 2.01E-03 8.43E-03 1.61E-02 2.89E-03 1.54E-02 2.54E-03 8.58E-02 1.17E+00 5.76E-03 4.21E-04 1.29E-04 1.76E-03 2.93E+02 2.66E-03 8.58E-02 2.74E-02 5.93E-03 2.54E-03 1.17E+00 1.54E-02 2.93E+02 5.76E-03 4.21E-04 1.29E-04 1.76E-03 2.93E+02
Passenger Truck 1.58E-03 3.13E-03 1.05E-02 2.51E-02 4.03E-02 1.39E-01 5.13E-03 9.59E-01 1.39E+00 2.20E-02 1.58E-03 1.16E-03 1.33E-02 5.88E+02 3.71E-02 9.59E-01 7.59E-02 4.18E-02 5.13E-03 1.39E+00 1.39E-01 5.87E+02 2.20E-02 1.58E-03 1.16E-03 1.33E-02 5.88E+02
School Bus 2.31E-03 8.19E-03 1.54E-02 6.55E-02 3.01E-01 6.23E-01 7.74E-03 4.68E+00 1.70E+00 2.89E-02 2.07E-03 4.90E-03 5.12E-02 8.70E+02 2.76E-01 4.68E+00 3.81E-01 2.87E-01 7.74E-03 1.70E+00 6.23E-01 8.69E+02 2.89E-02 2.07E-03 4.90E-03 5.12E-02 8.70E+02
Single Unit Long-haul Truck 2.71E-03 9.74E-03 1.81E-02 7.79E-02 1.07E-01 2.47E-01 7.11E-03 1.92E+00 8.46E-01 4.22E-02 2.07E-03 2.05E-03 2.39E-02 8.18E+02 9.82E-02 1.92E+00 2.03E-01 1.11E-01 7.11E-03 8.46E-01 2.47E-01 8.16E+02 4.22E-02 2.07E-03 2.05E-03 2.39E-02 8.18E+02
Single Unit Short-haul Truck 2.46E-03 8.67E-03 1.64E-02 6.94E-02 1.30E-01 2.81E-01 7.68E-03 2.34E+00 9.82E-01 4.20E-02 2.07E-03 2.32E-03 2.66E-02 8.81E+02 1.20E-01 2.34E+00 2.16E-01 1.31E-01 7.68E-03 9.82E-01 2.81E-01 8.79E+02 4.20E-02 2.07E-03 2.32E-03 2.66E-02 8.81E+02
Transit Bus 2.53E-03 6.72E-03 1.69E-02 5.37E-02 3.13E-01 4.96E-01 1.14E-02 7.03E+00 2.50E+00 3.11E-02 2.07E-03 3.87E-03 4.11E-02 1.29E+03 2.88E-01 7.03E+00 3.83E-01 2.97E-01 1.14E-02 2.50E+00 4.96E-01 1.29E+03 3.11E-02 2.07E-03 3.87E-03 4.11E-02 1.29E+03
Motor Home 2.05E-03 6.92E-03 1.37E-02 5.53E-02 2.16E-01 4.82E-01 7.97E-03 3.37E+00 1.43E+00 3.73E-02 2.07E-03 3.84E-03 4.13E-02 9.04E+02 1.99E-01 3.37E+00 2.85E-01 2.08E-01 7.97E-03 1.43E+00 4.82E-01 9.03E+02 3.73E-02 2.07E-03 3.84E-03 4.13E-02 9.04E+02
Refuse Truck 4.61E-03 1.30E-02 3.08E-02 1.04E-01 1.92E-01 2.55E-01 1.35E-02 4.62E+00 1.17E+00 3.84E-02 2.07E-03 1.99E-03 2.30E-02 1.54E+03 1.76E-01 4.62E+00 3.27E-01 1.94E-01 1.35E-02 1.17E+00 2.55E-01 1.54E+03 3.84E-02 2.07E-03 1.99E-03 2.30E-02 1.54E+03
Light Commercial Truck 1.54E-03 3.19E-03 1.02E-02 2.55E-02 4.87E-02 1.64E-01 4.88E-03 1.00E+00 1.57E+00 1.90E-02 1.44E-03 1.34E-03 1.49E-02 5.57E+02 4.48E-02 1.00E+00 8.45E-02 4.96E-02 4.88E-03 1.57E+00 1.64E-01 5.56E+02 1.90E-02 1.44E-03 1.34E-03 1.49E-02 5.57E+02

Gasoline Combination Short-haul Truck 2.27E-03 7.97E-03 1.51E-02 6.38E-02 2.41E-01 2.80E+00 1.02E-02 1.08E+01 1.21E+02 1.50E-01 1.96E-02 9.22E-02 3.54E-02 1.54E+03 2.13E-01 1.08E+01 3.20E-01 2.24E-01 1.02E-02 1.21E+02 2.80E+00 1.53E+03 1.50E-01 1.96E-02 9.22E-02 3.54E-02 1.54E+03
Motorcycle 6.33E-04 1.72E-04 4.22E-03 1.37E-03 2.35E-02 6.17E-01 2.50E-03 8.45E-01 1.32E+01 2.66E-02 2.14E-03 2.66E-02 9.59E-03 3.78E+02 2.08E-02 8.45E-01 2.91E-02 2.16E-02 2.50E-03 1.32E+01 6.17E-01 3.77E+02 2.66E-02 2.14E-03 2.66E-02 9.59E-03 3.78E+02
Passenger Car 1.27E-03 2.01E-03 8.43E-03 1.61E-02 4.67E-03 3.12E-02 1.97E-03 1.61E-01 1.71E+00 2.48E-03 1.31E-03 1.03E-03 3.83E-04 2.96E+02 4.13E-03 1.61E-01 2.92E-02 7.40E-03 1.97E-03 1.71E+00 3.12E-02 2.96E+02 2.48E-03 1.31E-03 1.03E-03 3.83E-04 2.96E+02
Passenger Truck 1.27E-03 3.30E-03 8.50E-03 2.64E-02 5.46E-03 6.40E-02 2.56E-03 3.07E-01 2.68E+00 3.86E-03 2.29E-03 2.19E-03 8.13E-04 3.86E+02 4.83E-03 3.07E-01 4.03E-02 9.41E-03 2.56E-03 2.68E+00 6.40E-02 3.86E+02 3.86E-03 2.29E-03 2.19E-03 8.13E-04 3.86E+02
School Bus 2.30E-03 8.19E-03 1.54E-02 6.55E-02 6.23E-02 1.23E+00 5.84E-03 4.71E+00 3.47E+01 5.85E-02 1.74E-02 4.06E-02 1.55E-02 8.86E+02 5.51E-02 4.71E+00 1.43E-01 6.56E-02 5.84E-03 3.47E+01 1.23E+00 8.79E+02 5.85E-02 1.74E-02 4.06E-02 1.55E-02 8.86E+02
Single Unit Long-haul Truck 1.87E-03 6.02E-03 1.25E-02 4.82E-02 2.43E-02 8.46E-01 5.74E-03 4.32E+00 2.32E+01 2.71E-02 2.75E-02 2.74E-02 1.03E-02 8.72E+02 2.15E-02 4.32E+00 8.50E-02 2.94E-02 5.74E-03 2.32E+01 8.46E-01 8.63E+02 2.71E-02 2.75E-02 2.74E-02 1.03E-02 8.72E+02
Single Unit Short-haul Truck 1.87E-03 6.05E-03 1.25E-02 4.84E-02 1.06E-02 2.18E-01 6.01E-03 1.01E+00 7.16E+00 4.38E-03 7.52E-03 7.34E-03 2.66E-03 9.06E+02 9.38E-03 1.01E+00 7.14E-02 1.73E-02 6.01E-03 7.16E+00 2.18E-01 9.04E+02 4.38E-03 7.52E-03 7.34E-03 2.66E-03 9.06E+02
Transit Bus 3.72E-03 1.05E-02 2.48E-02 8.42E-02 2.76E-02 3.82E-01 8.14E-03 1.31E+00 1.15E+01 8.04E-03 7.73E-03 1.15E-02 4.15E-03 1.23E+03 2.44E-02 1.31E+00 1.37E-01 3.87E-02 8.14E-03 1.15E+01 3.82E-01 1.22E+03 8.04E-03 7.73E-03 1.15E-02 4.15E-03 1.23E+03
Motor Home 2.05E-03 6.92E-03 1.37E-02 5.53E-02 2.18E-02 5.40E-01 6.11E-03 2.23E+00 1.66E+01 1.61E-02 1.33E-02 1.76E-02 6.54E-03 9.23E+02 1.93E-02 2.23E+00 9.08E-02 2.82E-02 6.11E-03 1.66E+01 5.40E-01 9.18E+02 1.61E-02 1.33E-02 1.76E-02 6.54E-03 9.23E+02
Refuse Truck 1.87E-03 4.84E-03 1.25E-02 3.87E-02 1.03E-01 1.04E+00 9.81E-03 5.07E+00 3.46E+01 2.62E-02 3.16E-02 3.28E-02 1.23E-02 1.49E+03 9.11E-02 5.07E+00 1.54E-01 9.78E-02 9.81E-03 3.46E+01 1.04E+00 1.48E+03 2.62E-02 3.16E-02 3.28E-02 1.23E-02 1.49E+03
Light Commercial Truck 1.30E-03 3.32E-03 8.63E-03 2.65E-02 5.23E-03 5.49E-02 2.56E-03 2.83E-01 2.65E+00 3.83E-03 2.31E-03 1.91E-03 7.01E-04 3.86E+02 4.63E-03 2.83E-01 4.04E-02 9.24E-03 2.56E-03 2.65E+00 5.49E-02 3.85E+02 3.83E-03 2.31E-03 1.91E-03 7.01E-04 3.86E+02

Compressed Natural Gas (CNG) Transit Bus 2.53E-03 6.72E-03 1.69E-02 5.37E-02 4.56E-02 4.51E-01 6.39E-03 3.68E+00 6.45E+00 4.31E+00 4.20E-02 7.45E-04 1.92E-01 1.33E+03 4.03E-02 3.68E+00 1.16E-01 4.96E-02 6.39E-03 6.45E+00 4.51E-01 1.21E+03 4.31E+00 4.20E-02 7.45E-04 1.92E-01 1.33E+03
Ethanol (E-85) Passenger Car 1.27E-03 2.01E-03 8.43E-03 1.61E-02 2.07E-03 1.64E-02 2.22E-03 6.08E-02 1.05E+00 3.75E-03 9.69E-04 2.69E-04 3.27E-04 2.89E+02 1.83E-03 6.08E-02 2.66E-02 5.11E-03 2.22E-03 1.05E+00 1.64E-02 2.89E+02 3.75E-03 9.69E-04 2.69E-04 3.27E-04 2.89E+02

Passenger Truck 1.27E-03 3.30E-03 8.43E-03 2.64E-02 2.40E-03 2.41E-02 2.78E-03 9.10E-02 1.28E+00 6.22E-03 1.28E-03 4.11E-04 5.01E-04 3.62E+02 2.12E-03 9.10E-02 3.72E-02 6.69E-03 2.78E-03 1.28E+00 2.41E-02 3.61E+02 6.22E-03 1.28E-03 4.11E-04 5.01E-04 3.62E+02
Light Commercial Truck 1.27E-03 3.33E-03 8.43E-03 2.67E-02 2.35E-03 2.31E-02 2.75E-03 8.72E-02 1.23E+00 5.87E-03 1.28E-03 3.93E-04 4.71E-04 3.58E+02 2.08E-03 8.72E-02 3.75E-02 6.68E-03 2.75E-03 1.23E+00 2.31E-02 3.57E+02 5.87E-03 1.28E-03 3.93E-04 4.71E-04 3.58E+02
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0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00



Sum of emisRate - 35 mph Pollutant RateUnit =CO2(eq)-(CH4*25)-(NO2*298) 
PM2.5 Tirewear PM2.5 BrakewearPM10 Tirewear PM10 Brakewear PM10 Total Exh VOC SO2 NOx CO Methane (CH4) N2O Benzene Formaldehyde CO2 Equivalent PM2.5 Total ExhNOx PM10 PM2.5 SO2 CO VOC CO2 Methane (CH4) N2O Benzene Formaldehyde CO2 Equivalent

RoadType yearID FuelType SourceType g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi
Rural Restricted Access 2018 Diesel Fuel Combination Long-haul Truck 4.39E-03 1.19E-02 2.93E-02 9.53E-02 2.52E-01 2.79E-01 1.50E-02 6.01E+00 1.38E+00 3.26E-02 1.72E-03 2.13E-03 2.39E-02 1.71E+03 2.32E-01 6.01E+00 3.76E-01 2.48E-01 1.50E-02 1.38E+00 2.79E-01 1.71E+03 3.26E-02 1.72E-03 2.13E-03 2.39E-02 1.71E+03

Combination Short-haul Truck 3.94E-03 1.09E-02 2.63E-02 8.70E-02 1.83E-01 2.23E-01 1.43E-02 4.85E+00 1.10E+00 3.43E-02 1.72E-03 1.71E-03 1.98E-02 1.64E+03 1.68E-01 4.85E+00 2.96E-01 1.83E-01 1.43E-02 1.10E+00 2.23E-01 1.63E+03 3.43E-02 1.72E-03 1.71E-03 1.98E-02 1.64E+03
Intercity Bus 3.44E-03 9.98E-03 2.29E-02 7.98E-02 3.92E-01 4.73E-01 1.49E-02 9.81E+00 2.12E+00 2.37E-02 1.63E-03 3.60E-03 3.78E-02 1.67E+03 3.61E-01 9.81E+00 4.95E-01 3.74E-01 1.49E-02 2.12E+00 4.73E-01 1.67E+03 2.37E-02 1.63E-03 3.60E-03 3.78E-02 1.67E+03
Passenger Car 1.15E-03 1.54E-03 7.64E-03 1.24E-02 3.73E-03 1.98E-02 2.57E-03 1.07E-01 1.81E+00 8.59E-03 3.32E-04 1.77E-04 2.46E-03 2.96E+02 3.43E-03 1.07E-01 2.37E-02 6.12E-03 2.57E-03 1.81E+00 1.98E-02 2.96E+02 8.59E-03 3.32E-04 1.77E-04 2.46E-03 2.96E+02
Passenger Truck 1.43E-03 2.33E-03 9.55E-03 1.86E-02 3.88E-02 1.28E-01 5.18E-03 9.76E-01 1.78E+00 2.13E-02 1.24E-03 1.07E-03 1.24E-02 5.94E+02 3.57E-02 9.76E-01 6.70E-02 3.95E-02 5.18E-03 1.78E+00 1.28E-01 5.93E+02 2.13E-02 1.24E-03 1.07E-03 1.24E-02 5.94E+02
School Bus 2.09E-03 7.47E-03 1.39E-02 5.97E-02 2.97E-01 5.80E-01 9.88E-03 6.03E+00 1.71E+00 2.65E-02 1.63E-03 4.53E-03 4.72E-02 1.11E+03 2.73E-01 6.03E+00 3.71E-01 2.83E-01 9.88E-03 1.71E+00 5.80E-01 1.11E+03 2.65E-02 1.63E-03 4.53E-03 4.72E-02 1.11E+03
Single Unit Long-haul Truck 2.46E-03 7.92E-03 1.64E-02 6.34E-02 9.71E-02 2.08E-01 7.85E-03 2.04E+00 7.41E-01 3.47E-02 1.63E-03 1.70E-03 1.98E-02 9.03E+02 8.93E-02 2.04E+00 1.77E-01 9.97E-02 7.85E-03 7.41E-01 2.08E-01 9.01E+02 3.47E-02 1.63E-03 1.70E-03 1.98E-02 9.03E+02
Single Unit Short-haul Truck 2.23E-03 6.99E-03 1.48E-02 5.59E-02 1.17E-01 2.36E-01 8.43E-03 2.47E+00 8.59E-01 3.45E-02 1.63E-03 1.92E-03 2.20E-02 9.66E+02 1.08E-01 2.47E+00 1.88E-01 1.17E-01 8.43E-03 8.59E-01 2.36E-01 9.65E+02 3.45E-02 1.63E-03 1.92E-03 2.20E-02 9.66E+02
Transit Bus 2.29E-03 6.42E-03 1.53E-02 5.13E-02 3.45E-01 4.66E-01 1.36E-02 8.10E+00 2.62E+00 2.86E-02 1.63E-03 3.59E-03 3.81E-02 1.54E+03 3.17E-01 8.10E+00 4.11E-01 3.26E-01 1.36E-02 2.62E+00 4.66E-01 1.54E+03 2.86E-02 1.63E-03 3.59E-03 3.81E-02 1.54E+03
Motor Home 1.86E-03 5.48E-03 1.24E-02 4.38E-02 1.92E-01 4.06E-01 9.55E-03 3.96E+00 1.27E+00 3.04E-02 1.63E-03 3.19E-03 3.43E-02 1.08E+03 1.77E-01 3.96E+00 2.48E-01 1.84E-01 9.55E-03 1.27E+00 4.06E-01 1.08E+03 3.04E-02 1.63E-03 3.19E-03 3.43E-02 1.08E+03
Refuse Truck 4.18E-03 1.09E-02 2.79E-02 8.75E-02 1.94E-01 2.23E-01 1.47E-02 4.90E+00 1.08E+00 3.19E-02 1.63E-03 1.69E-03 1.94E-02 1.68E+03 1.79E-01 4.90E+00 3.10E-01 1.94E-01 1.47E-02 1.08E+00 2.23E-01 1.68E+03 3.19E-02 1.63E-03 1.69E-03 1.94E-02 1.68E+03
Light Commercial Truck 1.39E-03 2.42E-03 9.28E-03 1.94E-02 4.64E-02 1.49E-01 4.87E-03 1.01E+00 1.94E+00 1.91E-02 1.14E-03 1.22E-03 1.37E-02 5.56E+02 4.27E-02 1.01E+00 7.50E-02 4.65E-02 4.87E-03 1.94E+00 1.49E-01 5.55E+02 1.91E-02 1.14E-03 1.22E-03 1.37E-02 5.56E+02

Gasoline Combination Short-haul Truck 2.16E-03 6.72E-03 1.44E-02 5.38E-02 3.34E-01 2.98E+00 1.06E-02 1.11E+01 1.35E+02 1.60E-01 1.63E-02 9.84E-02 3.78E-02 1.60E+03 2.95E-01 1.11E+01 4.02E-01 3.04E-01 1.06E-02 1.35E+02 2.98E+00 1.59E+03 1.60E-01 1.63E-02 9.84E-02 3.78E-02 1.60E+03
Motorcycle 5.73E-04 1.24E-04 3.82E-03 9.92E-04 3.38E-02 5.75E-01 2.57E-03 8.24E-01 1.28E+01 2.46E-02 1.69E-03 2.47E-02 8.89E-03 3.88E+02 2.99E-02 8.24E-01 3.86E-02 3.06E-02 2.57E-03 1.28E+01 5.75E-01 3.87E+02 2.46E-02 1.69E-03 2.47E-02 8.89E-03 3.88E+02
Passenger Car 1.15E-03 1.54E-03 7.64E-03 1.24E-02 6.55E-03 3.51E-02 1.98E-03 1.87E-01 2.50E+00 3.38E-03 1.03E-03 1.21E-03 4.46E-04 2.98E+02 5.80E-03 1.87E-01 2.65E-02 8.49E-03 1.98E-03 2.50E+00 3.51E-02 2.98E+02 3.38E-03 1.03E-03 1.21E-03 4.46E-04 2.98E+02
Passenger Truck 1.15E-03 2.45E-03 7.70E-03 1.96E-02 8.76E-03 7.32E-02 2.63E-03 3.68E-01 4.00E+00 5.57E-03 1.81E-03 2.59E-03 9.56E-04 3.96E+02 7.75E-03 3.68E-01 3.61E-02 1.14E-02 2.63E-03 4.00E+00 7.32E-02 3.95E+02 5.57E-03 1.81E-03 2.59E-03 9.56E-04 3.96E+02
School Bus 2.09E-03 7.46E-03 1.39E-02 5.97E-02 1.70E-01 1.54E+00 7.15E-03 5.84E+00 5.53E+01 7.35E-02 1.37E-02 5.09E-02 1.94E-02 1.08E+03 1.51E-01 5.84E+00 2.44E-01 1.60E-01 7.15E-03 5.53E+01 1.54E+00 1.08E+03 7.35E-02 1.37E-02 5.09E-02 1.94E-02 1.08E+03
Single Unit Long-haul Truck 1.70E-03 4.90E-03 1.13E-02 3.92E-02 1.54E-01 9.81E-01 6.24E-03 4.48E+00 3.03E+01 3.15E-02 2.17E-02 3.19E-02 1.21E-02 9.46E+02 1.36E-01 4.48E+00 2.05E-01 1.43E-01 6.24E-03 3.03E+01 9.81E-01 9.38E+02 3.15E-02 2.17E-02 3.19E-02 1.21E-02 9.46E+02
Single Unit Short-haul Truck 1.69E-03 4.87E-03 1.13E-02 3.89E-02 3.50E-02 2.46E-01 6.46E-03 1.04E+00 8.34E+00 5.01E-03 5.93E-03 8.36E-03 3.04E-03 9.74E+02 3.10E-02 1.04E+00 8.52E-02 3.75E-02 6.46E-03 8.34E+00 2.46E-01 9.72E+02 5.01E-03 5.93E-03 8.36E-03 3.04E-03 9.74E+02
Transit Bus 3.37E-03 1.00E-02 2.24E-02 8.01E-02 5.12E-02 4.37E-01 9.51E-03 1.51E+00 1.45E+01 9.25E-03 6.09E-03 1.30E-02 4.68E-03 1.43E+03 4.53E-02 1.51E+00 1.54E-01 5.87E-02 9.51E-03 1.45E+01 4.37E-01 1.43E+03 9.25E-03 6.09E-03 1.30E-02 4.68E-03 1.43E+03
Motor Home 1.86E-03 5.48E-03 1.24E-02 4.38E-02 8.68E-02 6.50E-01 7.01E-03 2.46E+00 2.34E+01 1.96E-02 1.05E-02 2.13E-02 7.93E-03 1.06E+03 7.68E-02 2.46E+00 1.43E-01 8.41E-02 7.01E-03 2.34E+01 6.50E-01 1.05E+03 1.96E-02 1.05E-02 2.13E-02 7.93E-03 1.06E+03
Refuse Truck 1.69E-03 3.94E-03 1.13E-02 3.15E-02 1.93E-01 1.12E+00 1.05E-02 5.28E+00 3.88E+01 2.85E-02 2.49E-02 3.52E-02 1.32E-02 1.59E+03 1.70E-01 5.28E+00 2.35E-01 1.76E-01 1.05E-02 3.88E+01 1.12E+00 1.59E+03 2.85E-02 2.49E-02 3.52E-02 1.32E-02 1.59E+03
Light Commercial Truck 1.17E-03 2.52E-03 7.82E-03 2.02E-02 7.78E-03 6.13E-02 2.58E-03 3.29E-01 3.65E+00 5.24E-03 1.82E-03 2.19E-03 8.04E-04 3.89E+02 6.88E-03 3.29E-01 3.58E-02 1.06E-02 2.58E-03 3.65E+00 6.13E-02 3.88E+02 5.24E-03 1.82E-03 2.19E-03 8.04E-04 3.89E+02

Compressed Natural Gas (CNG) Transit Bus 2.29E-03 6.42E-03 1.53E-02 5.13E-02 5.59E-02 5.23E-01 7.46E-03 4.28E+00 8.06E+00 4.92E+00 3.31E-02 8.56E-04 2.25E-01 1.54E+03 4.95E-02 4.28E+00 1.23E-01 5.82E-02 7.46E-03 8.06E+00 5.23E-01 1.41E+03 4.92E+00 3.31E-02 8.56E-04 2.25E-01 1.54E+03
Ethanol (E-85) Passenger Car 1.15E-03 1.54E-03 7.64E-03 1.24E-02 2.76E-03 1.98E-02 2.24E-03 7.51E-02 1.59E+00 5.32E-03 7.64E-04 3.55E-04 4.38E-04 2.91E+02 2.44E-03 7.51E-02 2.28E-02 5.13E-03 2.24E-03 1.59E+00 1.98E-02 2.91E+02 5.32E-03 7.64E-04 3.55E-04 4.38E-04 2.91E+02

Passenger Truck 1.15E-03 2.46E-03 7.64E-03 1.96E-02 3.66E-03 3.07E-02 2.85E-03 1.24E-01 2.08E+00 9.60E-03 1.01E-03 5.74E-04 7.12E-04 3.70E+02 3.24E-03 1.24E-01 3.10E-02 6.84E-03 2.85E-03 2.08E+00 3.07E-02 3.70E+02 9.60E-03 1.01E-03 5.74E-04 7.12E-04 3.70E+02
Light Commercial Truck 1.15E-03 2.54E-03 7.64E-03 2.03E-02 3.33E-03 2.87E-02 2.78E-03 1.16E-01 1.89E+00 8.75E-03 1.01E-03 5.31E-04 6.51E-04 3.61E+02 2.94E-03 1.16E-01 3.13E-02 6.63E-03 2.78E-03 1.89E+00 2.87E-02 3.60E+02 8.75E-03 1.01E-03 5.31E-04 6.51E-04 3.61E+02

Rural Unrestricted Acces 2018 Diesel Fuel Combination Long-haul Truck 4.89E-03 1.67E-02 3.26E-02 1.33E-01 2.76E-01 3.13E-01 1.51E-02 6.14E+00 1.50E+00 3.81E-02 2.05E-03 2.41E-03 2.72E-02 1.72E+03 2.54E-01 6.14E+00 4.42E-01 2.76E-01 1.51E-02 1.50E+00 3.13E-01 1.72E+03 3.81E-02 2.05E-03 2.41E-03 2.72E-02 1.72E+03
Combination Short-haul Truck 4.39E-03 1.52E-02 2.93E-02 1.21E-01 1.97E-01 2.48E-01 1.42E-02 4.89E+00 1.19E+00 4.02E-02 2.05E-03 1.94E-03 2.26E-02 1.63E+03 1.82E-01 4.89E+00 3.48E-01 2.01E-01 1.42E-02 1.19E+00 2.48E-01 1.63E+03 4.02E-02 2.05E-03 1.94E-03 2.26E-02 1.63E+03
Intercity Bus 4.03E-03 1.51E-02 2.68E-02 1.21E-01 4.30E-01 5.50E-01 1.43E-02 9.45E+00 2.35E+00 2.90E-02 2.05E-03 4.24E-03 4.46E-02 1.61E+03 3.96E-01 9.45E+00 5.78E-01 4.15E-01 1.43E-02 2.35E+00 5.50E-01 1.61E+03 2.90E-02 2.05E-03 4.24E-03 4.46E-02 1.61E+03
Passenger Car 1.34E-03 2.50E-03 8.94E-03 2.00E-02 2.95E-03 1.63E-02 2.54E-03 8.81E-02 1.25E+00 6.27E-03 4.18E-04 1.39E-04 1.90E-03 2.92E+02 2.71E-03 8.81E-02 3.19E-02 6.56E-03 2.54E-03 1.25E+00 1.63E-02 2.92E+02 6.27E-03 4.18E-04 1.39E-04 1.90E-03 2.92E+02
Passenger Truck 1.68E-03 3.97E-03 1.12E-02 3.18E-02 3.92E-02 1.38E-01 5.16E-03 9.85E-01 1.44E+00 2.19E-02 1.56E-03 1.15E-03 1.32E-02 5.92E+02 3.61E-02 9.85E-01 8.22E-02 4.17E-02 5.16E-03 1.44E+00 1.38E-01 5.91E+02 2.19E-02 1.56E-03 1.15E-03 1.32E-02 5.92E+02
School Bus 2.44E-03 1.00E-02 1.63E-02 8.03E-02 2.82E-01 5.75E-01 7.39E-03 4.55E+00 1.53E+00 2.62E-02 2.05E-03 4.52E-03 4.72E-02 8.30E+02 2.59E-01 4.55E+00 3.78E-01 2.72E-01 7.39E-03 1.53E+00 5.75E-01 8.29E+02 2.62E-02 2.05E-03 4.52E-03 4.72E-02 8.30E+02
Single Unit Long-haul Truck 2.88E-03 1.13E-02 1.92E-02 9.03E-02 1.06E-01 2.47E-01 7.35E-03 1.98E+00 8.41E-01 4.22E-02 2.05E-03 2.05E-03 2.39E-02 8.45E+02 9.74E-02 1.98E+00 2.15E-01 1.12E-01 7.35E-03 8.41E-01 2.47E-01 8.44E+02 4.22E-02 2.05E-03 2.05E-03 2.39E-02 8.45E+02
Single Unit Short-haul Truck 2.61E-03 1.00E-02 1.74E-02 8.01E-02 1.30E-01 2.81E-01 7.92E-03 2.40E+00 9.77E-01 4.21E-02 2.05E-03 2.31E-03 2.65E-02 9.09E+02 1.19E-01 2.40E+00 2.27E-01 1.32E-01 7.92E-03 9.77E-01 2.81E-01 9.07E+02 4.21E-02 2.05E-03 2.31E-03 2.65E-02 9.09E+02
Transit Bus 2.68E-03 9.18E-03 1.79E-02 7.34E-02 3.17E-01 4.32E-01 1.05E-02 6.46E+00 2.24E+00 2.84E-02 2.05E-03 3.37E-03 3.59E-02 1.18E+03 2.92E-01 6.46E+00 4.08E-01 3.04E-01 1.05E-02 2.24E+00 4.32E-01 1.18E+03 2.84E-02 2.05E-03 3.37E-03 3.59E-02 1.18E+03
Motor Home 2.18E-03 7.97E-03 1.45E-02 6.37E-02 2.13E-01 4.84E-01 8.35E-03 3.52E+00 1.44E+00 3.73E-02 2.05E-03 3.85E-03 4.14E-02 9.47E+02 1.96E-01 3.52E+00 2.91E-01 2.06E-01 8.35E-03 1.44E+00 4.84E-01 9.46E+02 3.73E-02 2.05E-03 3.85E-03 4.14E-02 9.47E+02
Refuse Truck 4.89E-03 1.66E-02 3.26E-02 1.32E-01 2.10E-01 2.55E-01 1.41E-02 4.77E+00 1.20E+00 3.91E-02 2.05E-03 1.99E-03 2.30E-02 1.61E+03 1.93E-01 4.77E+00 3.75E-01 2.14E-01 1.41E-02 1.20E+00 2.55E-01 1.61E+03 3.91E-02 2.05E-03 1.99E-03 2.30E-02 1.61E+03
Light Commercial Truck 1.63E-03 4.02E-03 1.09E-02 3.22E-02 4.77E-02 1.63E-01 4.92E-03 1.03E+00 1.64E+00 1.91E-02 1.43E-03 1.33E-03 1.48E-02 5.61E+02 4.39E-02 1.03E+00 9.08E-02 4.96E-02 4.92E-03 1.64E+00 1.63E-01 5.60E+02 1.91E-02 1.43E-03 1.33E-03 1.48E-02 5.61E+02

Gasoline Combination Short-haul Truck 2.40E-03 9.28E-03 1.60E-02 7.42E-02 2.46E-01 3.12E+00 1.05E-02 1.08E+01 1.31E+02 1.68E-01 1.94E-02 1.03E-01 3.97E-02 1.59E+03 2.18E-01 1.08E+01 3.37E-01 2.30E-01 1.05E-02 1.31E+02 3.12E+00 1.58E+03 1.68E-01 1.94E-02 1.03E-01 3.97E-02 1.59E+03
Motorcycle 6.71E-04 2.17E-04 4.47E-03 1.74E-03 2.34E-02 6.05E-01 2.41E-03 7.72E-01 1.23E+01 2.61E-02 2.12E-03 2.61E-02 9.41E-03 3.64E+02 2.07E-02 7.72E-01 2.96E-02 2.16E-02 2.41E-03 1.23E+01 6.05E-01 3.63E+02 2.61E-02 2.12E-03 2.61E-02 9.41E-03 3.64E+02
Passenger Car 1.34E-03 2.50E-03 8.94E-03 2.00E-02 4.81E-03 3.24E-02 1.96E-03 1.64E-01 1.82E+00 2.66E-03 1.30E-03 1.08E-03 4.01E-04 2.95E+02 4.26E-03 1.64E-01 3.38E-02 8.10E-03 1.96E-03 1.82E+00 3.24E-02 2.95E+02 2.66E-03 1.30E-03 1.08E-03 4.01E-04 2.95E+02
Passenger Truck 1.35E-03 4.14E-03 9.01E-03 3.31E-02 5.79E-03 6.66E-02 2.56E-03 3.10E-01 2.82E+00 4.11E-03 2.27E-03 2.30E-03 8.51E-04 3.85E+02 5.12E-03 3.10E-01 4.79E-02 1.06E-02 2.56E-03 2.82E+00 6.66E-02 3.85E+02 4.11E-03 2.27E-03 2.30E-03 8.51E-04 3.85E+02
School Bus 2.44E-03 1.00E-02 1.63E-02 8.03E-02 6.19E-02 1.39E+00 5.31E-03 3.96E+00 3.62E+01 6.59E-02 1.73E-02 4.64E-02 1.77E-02 8.05E+02 5.48E-02 3.96E+00 1.59E-01 6.73E-02 5.31E-03 3.62E+01 1.39E+00 7.99E+02 6.59E-02 1.73E-02 4.64E-02 1.77E-02 8.05E+02
Single Unit Long-haul Truck 1.99E-03 6.83E-03 1.32E-02 5.47E-02 2.36E-02 9.36E-01 5.64E-03 4.05E+00 2.47E+01 2.98E-02 2.73E-02 3.06E-02 1.16E-02 8.57E+02 2.08E-02 4.05E+00 9.15E-02 2.97E-02 5.64E-03 2.47E+01 9.36E-01 8.48E+02 2.98E-02 2.73E-02 3.06E-02 1.16E-02 8.57E+02
Single Unit Short-haul Truck 1.98E-03 6.87E-03 1.32E-02 5.50E-02 9.61E-03 2.40E-01 5.94E-03 9.55E-01 7.56E+00 4.87E-03 7.45E-03 8.27E-03 3.01E-03 8.96E+02 8.50E-03 9.55E-01 7.78E-02 1.74E-02 5.94E-03 7.56E+00 2.40E-01 8.94E+02 4.87E-03 7.45E-03 8.27E-03 3.01E-03 8.96E+02
Transit Bus 3.94E-03 1.42E-02 2.63E-02 1.14E-01 2.84E-02 4.32E-01 7.58E-03 1.15E+00 1.13E+01 9.20E-03 7.66E-03 1.39E-02 5.04E-03 1.14E+03 2.51E-02 1.15E+00 1.68E-01 4.32E-02 7.58E-03 1.13E+01 4.32E-01 1.14E+03 9.20E-03 7.66E-03 1.39E-02 5.04E-03 1.14E+03
Motor Home 2.18E-03 7.97E-03 1.45E-02 6.37E-02 2.12E-02 5.95E-01 6.10E-03 2.14E+00 1.80E+01 1.78E-02 1.32E-02 1.98E-02 7.34E-03 9.22E+02 1.88E-02 2.14E+00 9.95E-02 2.89E-02 6.10E-03 1.80E+01 5.95E-01 9.17E+02 1.78E-02 1.32E-02 1.98E-02 7.34E-03 9.22E+02
Refuse Truck 1.98E-03 5.92E-03 1.32E-02 4.73E-02 1.01E-01 1.21E+00 1.02E-02 5.10E+00 3.83E+01 3.02E-02 3.13E-02 3.86E-02 1.45E-02 1.54E+03 8.90E-02 5.10E+00 1.61E-01 9.69E-02 1.02E-02 3.83E+01 1.21E+00 1.53E+03 3.02E-02 3.13E-02 3.86E-02 1.45E-02 1.54E+03
Light Commercial Truck 1.37E-03 4.15E-03 9.15E-03 3.32E-02 5.58E-03 5.78E-02 2.56E-03 2.86E-01 2.80E+00 4.15E-03 2.29E-03 2.03E-03 7.46E-04 3.85E+02 4.94E-03 2.86E-01 4.80E-02 1.05E-02 2.56E-03 2.80E+00 5.78E-02 3.85E+02 4.15E-03 2.29E-03 2.03E-03 7.46E-04 3.85E+02

Compressed Natural Gas (CNG) Transit Bus 2.68E-03 9.18E-03 1.79E-02 7.34E-02 3.42E-02 5.06E-01 5.95E-03 3.25E+00 6.33E+00 5.08E+00 4.17E-02 8.60E-04 2.08E-01 1.26E+03 3.02E-02 3.25E+00 1.25E-01 4.21E-02 5.95E-03 6.33E+00 5.06E-01 1.12E+03 5.08E+00 4.17E-02 8.60E-04 2.08E-01 1.26E+03
Ethanol (E-85) Passenger Car 1.34E-03 2.50E-03 8.94E-03 2.00E-02 2.13E-03 1.71E-02 2.22E-03 6.23E-02 1.12E+00 4.04E-03 9.60E-04 2.86E-04 3.50E-04 2.88E+02 1.88E-03 6.23E-02 3.11E-02 5.73E-03 2.22E-03 1.12E+00 1.71E-02 2.88E+02 4.04E-03 9.60E-04 2.86E-04 3.50E-04 2.88E+02

Passenger Truck 1.34E-03 4.15E-03 8.94E-03 3.32E-02 2.56E-03 2.49E-02 2.77E-03 9.29E-02 1.36E+00 6.62E-03 1.27E-03 4.33E-04 5.30E-04 3.61E+02 2.26E-03 9.29E-02 4.47E-02 7.75E-03 2.77E-03 1.36E+00 2.49E-02 3.60E+02 6.62E-03 1.27E-03 4.33E-04 5.30E-04 3.61E+02
Light Commercial Truck 1.34E-03 4.17E-03 8.94E-03 3.34E-02 2.52E-03 2.41E-02 2.75E-03 8.95E-02 1.31E+00 6.30E-03 1.27E-03 4.16E-04 5.02E-04 3.57E+02 2.23E-03 8.95E-02 4.48E-02 7.74E-03 2.75E-03 1.31E+00 2.41E-02 3.57E+02 6.30E-03 1.27E-03 4.16E-04 5.02E-04 3.57E+02

Urban Restricted Access 2018 Diesel Fuel Combination Long-haul Truck 4.70E-03 1.53E-02 3.14E-02 1.22E-01 2.69E-01 2.99E-01 1.50E-02 6.04E+00 1.45E+00 3.60E-02 1.92E-03 2.30E-03 2.58E-02 1.71E+03 2.47E-01 6.04E+00 4.23E-01 2.67E-01 1.50E-02 1.45E+00 2.99E-01 1.71E+03 3.60E-02 1.92E-03 2.30E-03 2.58E-02 1.71E+03
Combination Short-haul Truck 4.22E-03 1.39E-02 2.82E-02 1.11E-01 1.94E-01 2.38E-01 1.42E-02 4.84E+00 1.16E+00 3.79E-02 1.92E-03 1.84E-03 2.15E-02 1.63E+03 1.79E-01 4.84E+00 3.34E-01 1.97E-01 1.42E-02 1.16E+00 2.38E-01 1.63E+03 3.79E-02 1.92E-03 1.84E-03 2.15E-02 1.63E+03
Intercity Bus 3.71E-03 1.26E-02 2.48E-02 1.01E-01 4.15E-01 5.09E-01 1.47E-02 9.64E+00 2.24E+00 2.62E-02 1.82E-03 3.90E-03 4.10E-02 1.65E+03 3.82E-01 9.64E+00 5.41E-01 3.98E-01 1.47E-02 2.24E+00 5.09E-01 1.65E+03 2.62E-02 1.82E-03 3.90E-03 4.10E-02 1.65E+03
Passenger Car 1.24E-03 1.98E-03 8.25E-03 1.58E-02 3.66E-03 1.86E-02 2.57E-03 9.89E-02 1.71E+00 7.73E-03 3.71E-04 1.63E-04 2.26E-03 2.97E+02 3.37E-03 9.89E-02 2.78E-02 6.59E-03 2.57E-03 1.71E+00 1.86E-02 2.96E+02 7.73E-03 3.71E-04 1.63E-04 2.26E-03 2.97E+02
Passenger Truck 1.55E-03 2.99E-03 1.03E-02 2.39E-02 4.00E-02 1.34E-01 5.18E-03 9.82E-01 1.72E+00 2.19E-02 1.39E-03 1.12E-03 1.29E-02 5.94E+02 3.68E-02 9.82E-01 7.43E-02 4.14E-02 5.18E-03 1.72E+00 1.34E-01 5.93E+02 2.19E-02 1.39E-03 1.12E-03 1.29E-02 5.94E+02
School Bus 2.25E-03 9.21E-03 1.50E-02 7.37E-02 3.19E-01 6.35E-01 9.75E-03 5.88E+00 1.83E+00 2.94E-02 1.82E-03 4.97E-03 5.19E-02 1.09E+03 2.94E-01 5.88E+00 4.08E-01 3.05E-01 9.75E-03 1.83E+00 6.35E-01 1.09E+03 2.94E-02 1.82E-03 4.97E-03 5.19E-02 1.09E+03
Single Unit Long-haul Truck 2.65E-03 9.57E-03 1.77E-02 7.66E-02 1.05E-01 2.27E-01 8.12E-03 2.11E+00 7.97E-01 3.82E-02 1.82E-03 1.87E-03 2.18E-02 9.34E+02 9.63E-02 2.11E+00 1.99E-01 1.09E-01 8.12E-03 7.97E-01 2.27E-01 9.32E+02 3.82E-02 1.82E-03 1.87E-03 2.18E-02 9.34E+02
Single Unit Short-haul Truck 2.40E-03 8.48E-03 1.60E-02 6.79E-02 1.26E-01 2.58E-01 8.64E-03 2.54E+00 9.22E-01 3.80E-02 1.82E-03 2.11E-03 2.41E-02 9.90E+02 1.16E-01 2.54E+00 2.10E-01 1.27E-01 8.64E-03 9.22E-01 2.58E-01 9.89E+02 3.80E-02 1.82E-03 2.11E-03 2.41E-02 9.90E+02
Transit Bus 2.47E-03 8.10E-03 1.65E-02 6.48E-02 3.62E-01 4.94E-01 1.34E-02 7.97E+00 2.72E+00 3.16E-02 1.82E-03 3.82E-03 4.07E-02 1.51E+03 3.33E-01 7.97E+00 4.43E-01 3.44E-01 1.34E-02 2.72E+00 4.94E-01 1.51E+03 3.16E-02 1.82E-03 3.82E-03 4.07E-02 1.51E+03
Motor Home 2.01E-03 6.71E-03 1.34E-02 5.37E-02 2.06E-01 4.45E-01 9.45E-03 3.90E+00 1.36E+00 3.36E-02 1.82E-03 3.50E-03 3.77E-02 1.07E+03 1.90E-01 3.90E+00 2.73E-01 1.98E-01 9.45E-03 1.36E+00 4.45E-01 1.07E+03 3.36E-02 1.82E-03 3.50E-03 3.77E-02 1.07E+03
Refuse Truck 4.51E-03 1.40E-02 3.01E-02 1.12E-01 2.06E-01 2.39E-01 1.46E-02 4.87E+00 1.14E+00 3.53E-02 1.82E-03 1.83E-03 2.12E-02 1.67E+03 1.90E-01 4.87E+00 3.48E-01 2.08E-01 1.46E-02 1.14E+00 2.39E-01 1.67E+03 3.53E-02 1.82E-03 1.83E-03 2.12E-02 1.67E+03
Light Commercial Truck 1.50E-03 3.10E-03 1.00E-02 2.48E-02 4.80E-02 1.56E-01 4.87E-03 1.01E+00 1.86E+00 1.93E-02 1.27E-03 1.28E-03 1.43E-02 5.56E+02 4.42E-02 1.01E+00 8.29E-02 4.88E-02 4.87E-03 1.86E+00 1.56E-01 5.55E+02 1.93E-02 1.27E-03 1.28E-03 1.43E-02 5.56E+02

Gasoline Combination Short-haul Truck 2.31E-03 8.51E-03 1.54E-02 6.81E-02 3.14E-01 3.16E+00 1.06E-02 1.10E+01 1.34E+02 1.70E-01 1.81E-02 1.04E-01 4.01E-02 1.61E+03 2.78E-01 1.10E+01 3.98E-01 2.89E-01 1.06E-02 1.34E+02 3.16E+00 1.60E+03 1.70E-01 1.81E-02 1.04E-01 4.01E-02 1.61E+03
Motorcycle 6.19E-04 1.61E-04 4.13E-03 1.29E-03 3.46E-02 5.97E-01 2.53E-03 8.14E-01 1.28E+01 2.56E-02 1.89E-03 2.57E-02 9.26E-03 3.81E+02 3.06E-02 8.14E-01 4.00E-02 3.14E-02 2.53E-03 1.28E+01 5.97E-01 3.80E+02 2.56E-02 1.89E-03 2.57E-02 9.26E-03 3.81E+02
Passenger Car 1.24E-03 1.98E-03 8.25E-03 1.58E-02 6.52E-03 3.44E-02 1.99E-03 1.77E-01 2.37E+00 3.12E-03 1.16E-03 1.17E-03 4.33E-04 2.99E+02 5.77E-03 1.77E-01 3.06E-02 8.99E-03 1.99E-03 2.37E+00 3.44E-02 2.99E+02 3.12E-03 1.16E-03 1.17E-03 4.33E-04 2.99E+02
Passenger Truck 1.25E-03 3.16E-03 8.31E-03 2.53E-02 8.65E-03 7.07E-02 2.61E-03 3.43E-01 3.73E+00 5.03E-03 2.02E-03 2.48E-03 9.16E-04 3.93E+02 7.65E-03 3.43E-01 4.22E-02 1.21E-02 2.61E-03 3.73E+00 7.07E-02 3.92E+02 5.03E-03 2.02E-03 2.48E-03 9.16E-04 3.93E+02
School Bus 2.25E-03 9.21E-03 1.50E-02 7.37E-02 1.56E-01 1.62E+00 7.18E-03 5.77E+00 5.25E+01 7.71E-02 1.54E-02 5.37E-02 2.05E-02 1.09E+03 1.38E-01 5.77E+00 2.44E-01 1.49E-01 7.18E-03 5.25E+01 1.62E+00 1.08E+03 7.71E-02 1.54E-02 5.37E-02 2.05E-02 1.09E+03
Single Unit Long-haul Truck 1.83E-03 5.84E-03 1.22E-02 4.67E-02 1.56E-01 1.08E+00 6.45E-03 4.58E+00 3.11E+01 3.44E-02 2.43E-02 3.54E-02 1.34E-02 9.78E+02 1.38E-01 4.58E+00 2.15E-01 1.45E-01 6.45E-03 3.11E+01 1.08E+00 9.70E+02 3.44E-02 2.43E-02 3.54E-02 1.34E-02 9.78E+02
Single Unit Short-haul Truck 1.83E-03 5.85E-03 1.22E-02 4.68E-02 3.48E-02 2.71E-01 6.66E-03 1.06E+00 8.67E+00 5.50E-03 6.63E-03 9.36E-03 3.40E-03 1.00E+03 3.08E-02 1.06E+00 9.38E-02 3.84E-02 6.66E-03 8.67E+00 2.71E-01 1.00E+03 5.50E-03 6.63E-03 9.36E-03 3.40E-03 1.00E+03
Transit Bus 3.63E-03 1.26E-02 2.42E-02 1.01E-01 4.81E-02 4.63E-01 9.49E-03 1.50E+00 1.45E+01 9.80E-03 6.81E-03 1.41E-02 5.09E-03 1.43E+03 4.25E-02 1.50E+00 1.73E-01 5.88E-02 9.49E-03 1.45E+01 4.63E-01 1.43E+03 9.80E-03 6.81E-03 1.41E-02 5.09E-03 1.43E+03
Motor Home 2.01E-03 6.71E-03 1.34E-02 5.37E-02 8.56E-02 6.94E-01 7.06E-03 2.46E+00 2.29E+01 2.08E-02 1.17E-02 2.31E-02 8.57E-03 1.07E+03 7.58E-02 2.46E+00 1.53E-01 8.45E-02 7.06E-03 2.29E+01 6.94E-01 1.06E+03 2.08E-02 1.17E-02 2.31E-02 8.57E-03 1.07E+03
Refuse Truck 1.83E-03 4.97E-03 1.22E-02 3.98E-02 1.88E-01 1.22E+00 1.06E-02 5.29E+00 3.93E+01 3.05E-02 2.78E-02 3.88E-02 1.46E-02 1.60E+03 1.66E-01 5.29E+00 2.40E-01 1.73E-01 1.06E-02 3.93E+01 1.22E+00 1.59E+03 3.05E-02 2.78E-02 3.88E-02 1.46E-02 1.60E+03
Light Commercial Truck 1.27E-03 3.24E-03 8.44E-03 2.59E-02 7.53E-03 5.94E-02 2.57E-03 3.08E-01 3.40E+00 4.75E-03 2.03E-03 2.11E-03 7.75E-04 3.87E+02 6.66E-03 3.08E-01 4.19E-02 1.12E-02 2.57E-03 3.40E+00 5.94E-02 3.86E+02 4.75E-03 2.03E-03 2.11E-03 7.75E-04 3.87E+02

Compressed Natural Gas (CNG) Transit Bus 2.47E-03 8.10E-03 1.65E-02 6.48E-02 5.43E-02 5.51E-01 7.44E-03 4.25E+00 8.16E+00 5.29E+00 3.70E-02 9.12E-04 2.34E-01 1.55E+03 4.80E-02 4.25E+00 1.36E-01 5.86E-02 7.44E-03 8.16E+00 5.51E-01 1.40E+03 5.29E+00 3.70E-02 9.12E-04 2.34E-01 1.55E+03
Ethanol (E-85) Passenger Car 1.24E-03 1.98E-03 8.25E-03 1.58E-02 2.73E-03 1.89E-02 2.25E-03 6.95E-02 1.51E+00 4.86E-03 8.54E-04 3.30E-04 4.07E-04 2.92E+02 2.41E-03 6.95E-02 2.68E-02 5.63E-03 2.25E-03 1.51E+00 1.89E-02 2.92E+02 4.86E-03 8.54E-04 3.30E-04 4.07E-04 2.92E+02

Passenger Truck 1.24E-03 3.16E-03 8.25E-03 2.53E-02 3.62E-03 2.85E-02 2.83E-03 1.11E-01 1.91E+00 8.49E-03 1.13E-03 5.20E-04 6.42E-04 3.68E+02 3.20E-03 1.11E-01 3.72E-02 7.60E-03 2.83E-03 1.91E+00 2.85E-02 3.67E+02 8.49E-03 1.13E-03 5.20E-04 6.42E-04 3.68E+02
Light Commercial Truck 1.24E-03 3.25E-03 8.25E-03 2.60E-02 3.23E-03 2.65E-02 2.76E-03 1.03E-01 1.72E+00 7.65E-03 1.13E-03 4.78E-04 5.82E-04 3.59E+02 2.85E-03 1.03E-01 3.75E-02 7.34E-03 2.76E-03 1.72E+00 2.65E-02 3.59E+02 7.65E-03 1.13E-03 4.78E-04 5.82E-04 3.59E+02

Urban Unrestricted Acces 2018 Diesel Fuel Combination Long-haul Truck 5.58E-03 2.90E-02 3.72E-02 2.32E-01 3.42E-01 3.83E-01 1.63E-02 6.70E+00 1.75E+00 4.93E-02 2.77E-03 2.99E-03 3.39E-02 1.86E+03 3.14E-01 6.70E+00 6.11E-01 3.49E-01 1.63E-02 1.75E+00 3.83E-01 1.85E+03 4.93E-02 2.77E-03 2.99E-03 3.39E-02 1.86E+03
Combination Short-haul Truck 5.02E-03 2.62E-02 3.34E-02 2.10E-01 2.43E-01 3.02E-01 1.54E-02 5.30E+00 1.39E+00 5.19E-02 2.77E-03 2.40E-03 2.81E-02 1.77E+03 2.24E-01 5.30E+00 4.87E-01 2.55E-01 1.54E-02 1.39E+00 3.02E-01 1.76E+03 5.19E-02 2.77E-03 2.40E-03 2.81E-02 1.77E+03
Intercity Bus 4.60E-03 2.54E-02 3.07E-02 2.03E-01 5.30E-01 6.70E-01 1.55E-02 1.01E+01 2.75E+00 3.70E-02 2.76E-03 5.20E-03 5.48E-02 1.73E+03 4.88E-01 1.01E+01 7.64E-01 5.18E-01 1.55E-02 2.75E+00 6.70E-01 1.73E+03 3.70E-02 2.76E-03 5.20E-03 5.48E-02 1.73E+03
Passenger Car 1.53E-03 4.06E-03 1.02E-02 3.25E-02 3.11E-03 1.70E-02 2.76E-03 8.26E-02 1.33E+00 6.03E-03 5.63E-04 1.41E-04 1.90E-03 3.18E+02 2.86E-03 8.26E-02 4.58E-02 8.45E-03 2.76E-03 1.33E+00 1.70E-02 3.18E+02 6.03E-03 5.63E-04 1.41E-04 1.90E-03 3.18E+02
Passenger Truck 1.92E-03 6.43E-03 1.28E-02 5.14E-02 4.43E-02 1.65E-01 5.55E-03 1.10E+00 1.60E+00 2.57E-02 2.11E-03 1.37E-03 1.58E-02 6.36E+02 4.08E-02 1.10E+00 1.09E-01 4.91E-02 5.55E-03 1.60E+00 1.65E-01 6.35E+02 2.57E-02 2.11E-03 1.37E-03 1.58E-02 6.36E+02
School Bus 2.79E-03 1.46E-02 1.86E-02 1.17E-01 3.28E-01 6.79E-01 7.71E-03 4.83E+00 1.66E+00 3.11E-02 2.76E-03 5.35E-03 5.58E-02 8.67E+02 3.02E-01 4.83E+00 4.64E-01 3.19E-01 7.71E-03 1.66E+00 6.79E-01 8.65E+02 3.11E-02 2.76E-03 5.35E-03 5.58E-02 8.67E+02
Single Unit Long-haul Truck 3.29E-03 1.79E-02 2.19E-02 1.43E-01 1.29E-01 3.09E-01 8.84E-03 2.41E+00 9.96E-01 5.35E-02 2.77E-03 2.57E-03 3.00E-02 1.02E+03 1.19E-01 2.41E+00 2.95E-01 1.40E-01 8.84E-03 9.96E-01 3.09E-01 1.01E+03 5.35E-02 2.77E-03 2.57E-03 3.00E-02 1.02E+03
Single Unit Short-haul Truck 2.98E-03 1.59E-02 1.99E-02 1.27E-01 1.59E-01 3.51E-01 9.43E-03 2.88E+00 1.16E+00 5.34E-02 2.77E-03 2.90E-03 3.33E-02 1.08E+03 1.46E-01 2.88E+00 3.06E-01 1.65E-01 9.43E-03 1.16E+00 3.51E-01 1.08E+03 5.34E-02 2.77E-03 2.90E-03 3.33E-02 1.08E+03
Transit Bus 3.07E-03 1.43E-02 2.04E-02 1.15E-01 3.66E-01 4.83E-01 1.02E-02 6.59E+00 2.35E+00 3.41E-02 2.76E-03 3.80E-03 4.07E-02 1.15E+03 3.36E-01 6.59E+00 5.01E-01 3.54E-01 1.02E-02 2.35E+00 4.83E-01 1.15E+03 3.41E-02 2.76E-03 3.80E-03 4.07E-02 1.15E+03
Motor Home 2.49E-03 1.24E-02 1.66E-02 9.90E-02 2.59E-01 6.08E-01 9.69E-03 4.12E+00 1.71E+00 4.74E-02 2.77E-03 4.84E-03 5.22E-02 1.10E+03 2.39E-01 4.12E+00 3.75E-01 2.54E-01 9.69E-03 1.71E+00 6.08E-01 1.10E+03 4.74E-02 2.77E-03 4.84E-03 5.22E-02 1.10E+03
Refuse Truck 5.59E-03 2.74E-02 3.73E-02 2.20E-01 2.59E-01 3.08E-01 1.52E-02 5.21E+00 1.39E+00 4.95E-02 2.77E-03 2.43E-03 2.83E-02 1.74E+03 2.38E-01 5.21E+00 5.16E-01 2.72E-01 1.52E-02 1.39E+00 3.08E-01 1.74E+03 4.95E-02 2.77E-03 2.43E-03 2.83E-02 1.74E+03
Light Commercial Truck 1.86E-03 6.51E-03 1.24E-02 5.21E-02 5.45E-02 1.95E-01 5.29E-03 1.16E+00 1.83E+00 2.20E-02 1.93E-03 1.59E-03 1.76E-02 6.04E+02 5.02E-02 1.16E+00 1.19E-01 5.85E-02 5.29E-03 1.83E+00 1.95E-01 6.03E+02 2.20E-02 1.93E-03 1.59E-03 1.76E-02 6.04E+02

Gasoline Combination Short-haul Truck 2.75E-03 1.55E-02 1.83E-02 1.24E-01 2.52E-01 3.90E+00 1.15E-02 1.12E+01 1.40E+02 2.10E-01 2.62E-02 1.30E-01 4.98E-02 1.75E+03 2.23E-01 1.12E+01 3.95E-01 2.41E-01 1.15E-02 1.40E+02 3.90E+00 1.74E+03 2.10E-01 2.62E-02 1.30E-01 4.98E-02 1.75E+03
Motorcycle 7.67E-04 3.57E-04 5.11E-03 2.86E-03 2.27E-02 6.88E-01 2.36E-03 6.84E-01 1.20E+01 2.99E-02 2.86E-03 2.99E-02 1.08E-02 3.56E+02 2.00E-02 6.84E-01 3.06E-02 2.12E-02 2.36E-03 1.20E+01 6.88E-01 3.55E+02 2.99E-02 2.86E-03 2.99E-02 1.08E-02 3.56E+02
Passenger Car 1.53E-03 4.06E-03 1.02E-02 3.25E-02 5.05E-03 3.61E-02 2.14E-03 1.61E-01 1.96E+00 2.71E-03 1.75E-03 1.19E-03 4.44E-04 3.22E+02 4.47E-03 1.61E-01 4.77E-02 1.01E-02 2.14E-03 1.96E+00 3.61E-02 3.21E+02 2.71E-03 1.75E-03 1.19E-03 4.44E-04 3.22E+02
Passenger Truck 1.54E-03 6.75E-03 1.03E-02 5.40E-02 5.78E-03 7.31E-02 2.75E-03 2.94E-01 2.93E+00 4.06E-03 3.06E-03 2.51E-03 9.33E-04 4.14E+02 5.11E-03 2.94E-01 7.01E-02 1.34E-02 2.75E-03 2.93E+00 7.31E-02 4.13E+02 4.06E-03 3.06E-03 2.51E-03 9.33E-04 4.14E+02
School Bus 2.79E-03 1.46E-02 1.86E-02 1.17E-01 5.65E-02 1.74E+00 5.38E-03 3.55E+00 3.61E+01 8.23E-02 2.33E-02 5.86E-02 2.24E-02 8.19E+02 5.00E-02 3.55E+00 1.92E-01 6.74E-02 5.38E-03 3.61E+01 1.74E+00 8.10E+02 8.23E-02 2.33E-02 5.86E-02 2.24E-02 8.19E+02
Single Unit Long-haul Truck 2.27E-03 1.05E-02 1.51E-02 8.39E-02 2.47E-02 1.29E+00 6.35E-03 4.19E+00 2.87E+01 4.02E-02 3.68E-02 4.29E-02 1.62E-02 9.67E+02 2.18E-02 4.19E+00 1.24E-01 3.46E-02 6.35E-03 2.87E+01 1.29E+00 9.55E+02 4.02E-02 3.68E-02 4.29E-02 1.62E-02 9.67E+02
Single Unit Short-haul Truck 2.26E-03 1.06E-02 1.51E-02 8.47E-02 8.86E-03 3.30E-01 6.73E-03 9.99E-01 8.87E+00 6.69E-03 1.00E-02 1.18E-02 4.31E-03 1.02E+03 7.84E-03 9.99E-01 1.09E-01 2.07E-02 6.73E-03 8.87E+00 3.30E-01 1.01E+03 6.69E-03 1.00E-02 1.18E-02 4.31E-03 1.02E+03
Transit Bus 4.50E-03 2.21E-02 3.00E-02 1.77E-01 2.75E-02 5.33E-01 7.62E-03 1.08E+00 1.13E+01 1.14E-02 1.03E-02 1.81E-02 6.59E-03 1.15E+03 2.43E-02 1.08E+00 2.34E-01 5.09E-02 7.62E-03 1.13E+01 5.33E-01 1.15E+03 1.14E-02 1.03E-02 1.81E-02 6.59E-03 1.15E+03
Motor Home 2.49E-03 1.24E-02 1.66E-02 9.90E-02 1.95E-02 7.91E-01 6.77E-03 2.22E+00 2.02E+01 2.35E-02 1.77E-02 2.70E-02 1.00E-02 1.02E+03 1.72E-02 2.22E+00 1.35E-01 3.21E-02 6.77E-03 2.02E+01 7.91E-01 1.02E+03 2.35E-02 1.77E-02 2.70E-02 1.00E-02 1.02E+03
Refuse Truck 2.27E-03 9.40E-03 1.51E-02 7.52E-02 1.05E-01 1.65E+00 1.12E-02 5.39E+00 4.34E+01 3.95E-02 4.22E-02 5.36E-02 2.02E-02 1.70E+03 9.30E-02 5.39E+00 1.95E-01 1.05E-01 1.12E-02 4.34E+01 1.65E+00 1.69E+03 3.95E-02 4.22E-02 5.36E-02 2.02E-02 1.70E+03
Light Commercial Truck 1.57E-03 6.76E-03 1.05E-02 5.41E-02 5.56E-03 6.45E-02 2.75E-03 2.72E-01 2.93E+00 4.25E-03 3.09E-03 2.27E-03 8.35E-04 4.15E+02 4.92E-03 2.72E-01 7.01E-02 1.33E-02 2.75E-03 2.93E+00 6.45E-02 4.14E+02 4.25E-03 3.09E-03 2.27E-03 8.35E-04 4.15E+02

Compressed Natural Gas (CNG) Transit Bus 3.07E-03 1.43E-02 2.04E-02 1.15E-01 2.72E-02 6.15E-01 5.98E-03 3.06E+00 6.42E+00 6.47E+00 5.62E-02 1.08E-03 2.44E-01 1.31E+03 2.41E-02 3.06E+00 1.62E-01 4.15E-02 5.98E-03 6.42E+00 6.15E-01 1.13E+03 6.47E+00 5.62E-02 1.08E-03 2.44E-01 1.31E+03
Ethanol (E-85) Passenger Car 1.53E-03 4.06E-03 1.02E-02 3.25E-02 2.26E-03 1.80E-02 2.42E-03 5.88E-02 1.20E+00 4.00E-03 1.30E-03 2.92E-04 3.59E-04 3.14E+02 2.00E-03 5.88E-02 4.50E-02 7.59E-03 2.42E-03 1.20E+00 1.80E-02 3.14E+02 4.00E-03 1.30E-03 2.92E-04 3.59E-04 3.14E+02

Passenger Truck 1.53E-03 6.76E-03 1.02E-02 5.41E-02 2.57E-03 2.53E-02 2.98E-03 8.35E-02 1.38E+00 6.21E-03 1.71E-03 4.26E-04 5.19E-04 3.87E+02 2.27E-03 8.35E-02 6.68E-02 1.06E-02 2.98E-03 1.38E+00 2.53E-02 3.87E+02 6.21E-03 1.71E-03 4.26E-04 5.19E-04 3.87E+02
Light Commercial Truck 1.53E-03 6.79E-03 1.02E-02 5.44E-02 2.52E-03 2.45E-02 2.96E-03 8.05E-02 1.35E+00 5.93E-03 1.71E-03 4.12E-04 4.94E-04 3.85E+02 2.22E-03 8.05E-02 6.71E-02 1.06E-02 2.96E-03 1.35E+00 2.45E-02 3.84E+02 5.93E-03 1.71E-03 4.12E-04 4.94E-04 3.85E+02
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0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00



Sum of emisRate - 2.5 mph Pollutant RateUnit =CO2(eq)-(CH4*25)-(NO2*298) 
PM2.5 Tirewear PM2.5 BrakewearPM10 Tirewear PM10 Brakewear PM10 Total Exh VOC SO2 NOx CO Methane (CH4) N2O Benzene Formaldehyde CO2 Equivalent PM2.5 Total ExhNOx PM10 PM2.5 SO2 CO VOC CO2 Methane (CH4) N2O Benzene Formaldehyde CO2 Equivalent

RoadType yearID FuelType SourceType g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi
Rural Restricted Access 2018 Diesel Fuel Combination Long-haul Truck 3.92E-03 1.16E-02 2.61E-02 9.25E-02 2.83E-01 3.61E-01 1.70E-02 7.02E+00 1.59E+00 4.29E-02 2.60E-03 2.78E-03 3.13E-02 1.93E+03 2.60E-01 7.02E+00 4.02E-01 2.76E-01 1.70E-02 1.59E+00 3.61E-01 1.93E+03 4.29E-02 2.60E-03 2.78E-03 3.13E-02 1.93E+03

Combination Short-haul Truck 3.52E-03 1.04E-02 2.35E-02 8.29E-02 2.07E-01 2.85E-01 1.62E-02 5.68E+00 1.27E+00 4.51E-02 2.59E-03 2.22E-03 2.59E-02 1.86E+03 1.90E-01 5.68E+00 3.13E-01 2.04E-01 1.62E-02 1.27E+00 2.85E-01 1.86E+03 4.51E-02 2.59E-03 2.22E-03 2.59E-02 1.86E+03
Intercity Bus 3.00E-03 8.95E-03 2.00E-02 7.16E-02 4.40E-01 5.89E-01 1.70E-02 1.15E+01 2.40E+00 3.02E-02 2.40E-03 4.52E-03 4.74E-02 1.90E+03 4.05E-01 1.15E+01 5.32E-01 4.17E-01 1.70E-02 2.40E+00 5.89E-01 1.90E+03 3.02E-02 2.40E-03 4.52E-03 4.74E-02 1.90E+03
Passenger Car 9.99E-04 1.74E-03 6.66E-03 1.39E-02 4.26E-03 2.32E-02 2.97E-03 1.20E-01 2.06E+00 9.94E-03 4.89E-04 2.06E-04 2.87E-03 3.43E+02 3.92E-03 1.20E-01 2.48E-02 6.65E-03 2.97E-03 2.06E+00 2.32E-02 3.43E+02 9.94E-03 4.89E-04 2.06E-04 2.87E-03 3.43E+02
Passenger Truck 1.25E-03 2.63E-03 8.32E-03 2.11E-02 4.90E-02 1.59E-01 5.91E-03 1.13E+00 2.09E+00 2.65E-02 1.83E-03 1.33E-03 1.54E-02 6.77E+02 4.51E-02 1.13E+00 7.84E-02 4.89E-02 5.91E-03 2.09E+00 1.59E-01 6.76E+02 2.65E-02 1.83E-03 1.33E-03 1.54E-02 6.77E+02
School Bus 1.82E-03 6.79E-03 1.21E-02 5.43E-02 3.62E-01 7.12E-01 1.17E-02 7.36E+00 1.93E+00 3.36E-02 2.40E-03 5.56E-03 5.82E-02 1.32E+03 3.33E-01 7.36E+00 4.28E-01 3.41E-01 1.17E-02 1.93E+00 7.12E-01 1.31E+03 3.36E-02 2.40E-03 5.56E-03 5.82E-02 1.32E+03
Single Unit Long-haul Truck 2.14E-03 7.44E-03 1.43E-02 5.95E-02 1.19E-01 2.59E-01 9.20E-03 2.48E+00 8.55E-01 4.42E-02 2.40E-03 2.13E-03 2.49E-02 1.06E+03 1.10E-01 2.48E+00 1.93E-01 1.19E-01 9.20E-03 8.55E-01 2.59E-01 1.06E+03 4.42E-02 2.40E-03 2.13E-03 2.49E-02 1.06E+03
Single Unit Short-haul Truck 1.94E-03 6.51E-03 1.29E-02 5.21E-02 1.43E-01 2.94E-01 9.82E-03 2.98E+00 9.89E-01 4.40E-02 2.40E-03 2.41E-03 2.76E-02 1.13E+03 1.32E-01 2.98E+00 2.08E-01 1.40E-01 9.82E-03 9.89E-01 2.94E-01 1.12E+03 4.40E-02 2.40E-03 2.41E-03 2.76E-02 1.13E+03
Transit Bus 2.00E-03 5.78E-03 1.33E-02 4.63E-02 3.89E-01 5.94E-01 1.57E-02 9.82E+00 3.01E+00 3.64E-02 2.40E-03 4.60E-03 4.88E-02 1.78E+03 3.58E-01 9.82E+00 4.49E-01 3.66E-01 1.57E-02 3.01E+00 5.94E-01 1.77E+03 3.64E-02 2.40E-03 4.60E-03 4.88E-02 1.78E+03
Motor Home 1.62E-03 4.78E-03 1.08E-02 3.83E-02 2.38E-01 5.02E-01 1.13E-02 4.86E+00 1.45E+00 3.86E-02 2.40E-03 3.95E-03 4.26E-02 1.29E+03 2.19E-01 4.86E+00 2.87E-01 2.25E-01 1.13E-02 1.45E+00 5.02E-01 1.28E+03 3.86E-02 2.40E-03 3.95E-03 4.26E-02 1.29E+03
Refuse Truck 3.64E-03 1.00E-02 2.43E-02 8.02E-02 2.15E-01 2.80E-01 1.66E-02 5.69E+00 1.21E+00 4.09E-02 2.40E-03 2.15E-03 2.48E-02 1.90E+03 1.98E-01 5.69E+00 3.19E-01 2.11E-01 1.66E-02 1.21E+00 2.80E-01 1.90E+03 4.09E-02 2.40E-03 2.15E-03 2.48E-02 1.90E+03
Light Commercial Truck 1.21E-03 2.71E-03 8.09E-03 2.17E-02 5.85E-02 1.85E-01 5.55E-03 1.18E+00 2.31E+00 2.38E-02 1.67E-03 1.52E-03 1.71E-02 6.34E+02 5.39E-02 1.18E+00 8.83E-02 5.78E-02 5.55E-03 2.31E+00 1.85E-01 6.33E+02 2.38E-02 1.67E-03 1.52E-03 1.71E-02 6.34E+02

Gasoline Combination Short-haul Truck 1.93E-03 6.23E-03 1.29E-02 4.98E-02 3.91E-01 3.11E+00 1.15E-02 1.21E+01 1.37E+02 1.67E-01 2.45E-02 1.03E-01 3.94E-02 1.74E+03 3.46E-01 1.21E+01 4.53E-01 3.54E-01 1.15E-02 1.37E+02 3.11E+00 1.73E+03 1.67E-01 2.45E-02 1.03E-01 3.94E-02 1.74E+03
Motorcycle 5.00E-04 1.65E-04 3.33E-03 1.32E-03 3.46E-02 6.92E-01 2.91E-03 8.97E-01 1.48E+01 2.97E-02 2.49E-03 2.98E-02 1.07E-02 4.40E+02 3.06E-02 8.97E-01 3.92E-02 3.13E-02 2.91E-03 1.48E+01 6.92E-01 4.38E+02 2.97E-02 2.49E-03 2.98E-02 1.07E-02 4.40E+02
Passenger Car 9.99E-04 1.74E-03 6.66E-03 1.39E-02 7.31E-03 4.18E-02 2.30E-03 2.05E-01 2.84E+00 3.94E-03 1.52E-03 1.44E-03 5.31E-04 3.47E+02 6.47E-03 2.05E-01 2.79E-02 9.20E-03 2.30E-03 2.84E+00 4.18E-02 3.46E+02 3.94E-03 1.52E-03 1.44E-03 5.31E-04 3.47E+02
Passenger Truck 1.01E-03 2.86E-03 6.71E-03 2.29E-02 9.43E-03 8.69E-02 3.05E-03 4.11E-01 4.61E+00 6.59E-03 2.66E-03 3.07E-03 1.13E-03 4.60E+02 8.35E-03 4.11E-01 3.90E-02 1.22E-02 3.05E-03 4.61E+00 8.69E-02 4.59E+02 6.59E-03 2.66E-03 3.07E-03 1.13E-03 4.60E+02
School Bus 1.82E-03 6.78E-03 1.21E-02 5.43E-02 2.12E-01 1.71E+00 8.12E-03 6.51E+00 6.00E+01 8.15E-02 2.02E-02 5.63E-02 2.15E-02 1.23E+03 1.88E-01 6.51E+00 2.79E-01 1.96E-01 8.12E-03 6.00E+01 1.71E+00 1.22E+03 8.15E-02 2.02E-02 5.63E-02 2.15E-02 1.23E+03
Single Unit Long-haul Truck 1.48E-03 4.59E-03 9.86E-03 3.68E-02 1.86E-01 1.10E+00 7.06E-03 4.98E+00 3.16E+01 3.51E-02 3.19E-02 3.56E-02 1.35E-02 1.07E+03 1.64E-01 4.98E+00 2.32E-01 1.70E-01 7.06E-03 3.16E+01 1.10E+00 1.06E+03 3.51E-02 3.19E-02 3.56E-02 1.35E-02 1.07E+03
Single Unit Short-haul Truck 1.47E-03 4.52E-03 9.83E-03 3.62E-02 4.21E-02 2.71E-01 7.24E-03 1.14E+00 8.50E+00 5.49E-03 8.72E-03 9.17E-03 3.33E-03 1.09E+03 3.73E-02 1.14E+00 8.81E-02 4.33E-02 7.24E-03 8.50E+00 2.71E-01 1.09E+03 5.49E-03 8.72E-03 9.17E-03 3.33E-03 1.09E+03
Transit Bus 2.93E-03 8.96E-03 1.96E-02 7.17E-02 6.16E-02 4.63E-01 1.05E-02 1.64E+00 1.47E+01 9.72E-03 8.97E-03 1.35E-02 4.87E-03 1.58E+03 5.45E-02 1.64E+00 1.53E-01 6.64E-02 1.05E-02 1.47E+01 4.63E-01 1.58E+03 9.72E-03 8.97E-03 1.35E-02 4.87E-03 1.58E+03
Motor Home 1.62E-03 4.78E-03 1.08E-02 3.83E-02 1.02E-01 7.24E-01 7.97E-03 2.74E+00 2.49E+01 2.18E-02 1.54E-02 2.37E-02 8.80E-03 1.20E+03 8.98E-02 2.74E+00 1.51E-01 9.62E-02 7.97E-03 2.49E+01 7.24E-01 1.20E+03 2.18E-02 1.54E-02 2.37E-02 8.80E-03 1.20E+03
Refuse Truck 1.48E-03 3.45E-03 9.84E-03 2.76E-02 2.24E-01 1.14E+00 1.14E-02 5.63E+00 3.85E+01 2.91E-02 3.66E-02 3.55E-02 1.33E-02 1.72E+03 1.98E-01 5.63E+00 2.61E-01 2.03E-01 1.14E-02 3.85E+01 1.14E+00 1.71E+03 2.91E-02 3.66E-02 3.55E-02 1.33E-02 1.72E+03
Light Commercial Truck 1.02E-03 2.89E-03 6.82E-03 2.31E-02 8.64E-03 7.22E-02 3.00E-03 3.68E-01 4.22E+00 6.19E-03 2.68E-03 2.58E-03 9.46E-04 4.52E+02 7.64E-03 3.68E-01 3.86E-02 1.16E-02 3.00E-03 4.22E+00 7.22E-02 4.51E+02 6.19E-03 2.68E-03 2.58E-03 9.46E-04 4.52E+02

Compressed Natural Gas (CNG) Transit Bus 2.00E-03 5.78E-03 1.33E-02 4.63E-02 6.74E-02 5.53E-01 8.23E-03 4.66E+00 8.09E+00 5.15E+00 4.87E-02 9.01E-04 2.40E-01 1.70E+03 5.96E-02 4.66E+00 1.27E-01 6.74E-02 8.23E-03 8.09E+00 5.53E-01 1.55E+03 5.15E+00 4.87E-02 9.01E-04 2.40E-01 1.70E+03
Ethanol (E-85) Passenger Car 9.99E-04 1.74E-03 6.66E-03 1.39E-02 3.14E-03 2.31E-02 2.61E-03 8.36E-02 1.80E+00 6.18E-03 1.12E-03 4.13E-04 5.11E-04 3.39E+02 2.77E-03 8.36E-02 2.37E-02 5.51E-03 2.61E-03 1.80E+00 2.31E-02 3.38E+02 6.18E-03 1.12E-03 4.13E-04 5.11E-04 3.39E+02

Passenger Truck 9.99E-04 2.86E-03 6.66E-03 2.29E-02 3.95E-03 3.62E-02 3.31E-03 1.43E-01 2.40E+00 1.14E-02 1.49E-03 6.77E-04 8.43E-04 4.31E+02 3.49E-03 1.43E-01 3.35E-02 7.36E-03 3.31E-03 2.40E+00 3.62E-02 4.30E+02 1.14E-02 1.49E-03 6.77E-04 8.43E-04 4.31E+02
Light Commercial Truck 9.99E-04 2.91E-03 6.66E-03 2.33E-02 3.70E-03 3.39E-02 3.22E-03 1.34E-01 2.22E+00 1.05E-02 1.48E-03 6.30E-04 7.75E-04 4.19E+02 3.27E-03 1.34E-01 3.37E-02 7.18E-03 3.22E-03 2.22E+00 3.39E-02 4.19E+02 1.05E-02 1.48E-03 6.30E-04 7.75E-04 4.19E+02

Rural Unrestricted Acces 2018 Diesel Fuel Combination Long-haul Truck 4.62E-03 2.07E-02 3.08E-02 1.66E-01 3.35E-01 4.41E-01 1.77E-02 7.53E+00 1.86E+00 5.53E-02 3.42E-03 3.46E-03 3.90E-02 2.01E+03 3.08E-01 7.53E+00 5.31E-01 3.34E-01 1.77E-02 1.86E+00 4.41E-01 2.01E+03 5.53E-02 3.42E-03 3.46E-03 3.90E-02 2.01E+03
Combination Short-haul Truck 4.15E-03 1.85E-02 2.77E-02 1.48E-01 2.41E-01 3.47E-01 1.68E-02 6.00E+00 1.48E+00 5.82E-02 3.42E-03 2.76E-03 3.23E-02 1.93E+03 2.21E-01 6.00E+00 4.17E-01 2.44E-01 1.68E-02 1.48E+00 3.47E-01 1.93E+03 5.82E-02 3.42E-03 2.76E-03 3.23E-02 1.93E+03
Intercity Bus 3.81E-03 1.68E-02 2.54E-02 1.35E-01 5.23E-01 7.45E-01 1.69E-02 1.15E+01 2.85E+00 4.00E-02 3.41E-03 5.78E-03 6.09E-02 1.89E+03 4.81E-01 1.15E+01 6.83E-01 5.02E-01 1.69E-02 2.85E+00 7.45E-01 1.89E+03 4.00E-02 3.41E-03 5.78E-03 6.09E-02 1.89E+03
Passenger Car 1.27E-03 3.49E-03 8.45E-03 2.79E-02 3.55E-03 1.91E-02 3.11E-03 9.36E-02 1.40E+00 6.83E-03 6.97E-04 1.59E-04 2.14E-03 3.59E+02 3.27E-03 9.36E-02 3.99E-02 8.03E-03 3.11E-03 1.40E+00 1.91E-02 3.58E+02 6.83E-03 6.97E-04 1.59E-04 2.14E-03 3.59E+02
Passenger Truck 1.59E-03 5.40E-03 1.06E-02 4.32E-02 5.59E-02 1.90E-01 6.15E-03 1.19E+00 1.77E+00 3.00E-02 2.61E-03 1.59E-03 1.83E-02 7.05E+02 5.14E-02 1.19E+00 1.10E-01 5.84E-02 6.15E-03 1.77E+00 1.90E-01 7.04E+02 3.00E-02 2.61E-03 1.59E-03 1.83E-02 7.05E+02
School Bus 2.31E-03 1.15E-02 1.54E-02 9.17E-02 4.15E-01 8.66E-01 1.03E-02 6.51E+00 2.15E+00 4.11E-02 3.42E-03 6.82E-03 7.13E-02 1.16E+03 3.82E-01 6.51E+00 5.22E-01 3.95E-01 1.03E-02 2.15E+00 8.66E-01 1.15E+03 4.11E-02 3.42E-03 6.82E-03 7.13E-02 1.16E+03
Single Unit Long-haul Truck 2.72E-03 1.33E-02 1.81E-02 1.07E-01 1.48E-01 3.47E-01 9.64E-03 2.71E+00 1.08E+00 6.07E-02 3.42E-03 2.89E-03 3.38E-02 1.11E+03 1.36E-01 2.71E+00 2.73E-01 1.52E-01 9.64E-03 1.08E+00 3.47E-01 1.11E+03 6.07E-02 3.42E-03 2.89E-03 3.38E-02 1.11E+03
Single Unit Short-haul Truck 2.46E-03 1.17E-02 1.64E-02 9.39E-02 1.80E-01 3.95E-01 1.02E-02 3.23E+00 1.25E+00 6.05E-02 3.42E-03 3.27E-03 3.76E-02 1.17E+03 1.66E-01 3.23E+00 2.90E-01 1.80E-01 1.02E-02 1.25E+00 3.95E-01 1.17E+03 6.05E-02 3.42E-03 3.27E-03 3.76E-02 1.17E+03
Transit Bus 2.54E-03 1.06E-02 1.69E-02 8.48E-02 4.20E-01 6.74E-01 1.40E-02 9.21E+00 3.12E+00 4.46E-02 3.42E-03 5.29E-03 5.64E-02 1.58E+03 3.86E-01 9.21E+00 5.22E-01 4.00E-01 1.40E-02 3.12E+00 6.74E-01 1.58E+03 4.46E-02 3.42E-03 5.29E-03 5.64E-02 1.58E+03
Motor Home 2.06E-03 8.91E-03 1.37E-02 7.13E-02 2.99E-01 6.75E-01 1.09E-02 4.78E+00 1.83E+00 5.35E-02 3.42E-03 5.39E-03 5.81E-02 1.24E+03 2.75E-01 4.78E+00 3.84E-01 2.86E-01 1.09E-02 1.83E+00 6.75E-01 1.23E+03 5.35E-02 3.42E-03 5.39E-03 5.81E-02 1.24E+03
Refuse Truck 4.62E-03 1.86E-02 3.08E-02 1.49E-01 2.40E-01 3.30E-01 1.56E-02 5.50E+00 1.38E+00 5.05E-02 3.42E-03 2.61E-03 3.01E-02 1.78E+03 2.21E-01 5.50E+00 4.20E-01 2.44E-01 1.56E-02 1.38E+00 3.30E-01 1.78E+03 5.05E-02 3.42E-03 2.61E-03 3.01E-02 1.78E+03
Light Commercial Truck 1.54E-03 5.47E-03 1.03E-02 4.38E-02 6.78E-02 2.25E-01 5.87E-03 1.27E+00 2.01E+00 2.58E-02 2.39E-03 1.84E-03 2.04E-02 6.70E+02 6.24E-02 1.27E+00 1.22E-01 6.94E-02 5.87E-03 2.01E+00 2.25E-01 6.69E+02 2.58E-02 2.39E-03 1.84E-03 2.04E-02 6.70E+02

Gasoline Combination Short-haul Truck 2.27E-03 1.09E-02 1.51E-02 8.74E-02 2.82E-01 3.54E+00 1.19E-02 1.20E+01 1.33E+02 1.90E-01 3.24E-02 1.17E-01 4.50E-02 1.81E+03 2.49E-01 1.20E+01 3.84E-01 2.62E-01 1.19E-02 1.33E+02 3.54E+00 1.79E+03 1.90E-01 3.24E-02 1.17E-01 4.50E-02 1.81E+03
Motorcycle 6.34E-04 3.26E-04 4.23E-03 2.61E-03 2.63E-02 8.01E-01 2.85E-03 8.77E-01 1.53E+01 3.47E-02 3.54E-03 3.48E-02 1.25E-02 4.30E+02 2.32E-02 8.77E-01 3.31E-02 2.42E-02 2.85E-03 1.53E+01 8.01E-01 4.29E+02 3.47E-02 3.54E-03 3.48E-02 1.25E-02 4.30E+02
Passenger Car 1.27E-03 3.49E-03 8.45E-03 2.79E-02 5.67E-03 4.04E-02 2.41E-03 1.76E-01 2.05E+00 3.05E-03 2.17E-03 1.34E-03 4.96E-04 3.63E+02 5.01E-03 1.76E-01 4.20E-02 9.77E-03 2.41E-03 2.05E+00 4.04E-02 3.63E+02 3.05E-03 2.17E-03 1.34E-03 4.96E-04 3.63E+02
Passenger Truck 1.28E-03 5.80E-03 8.52E-03 4.64E-02 6.28E-03 8.18E-02 3.13E-03 3.35E-01 3.24E+00 4.73E-03 3.79E-03 2.80E-03 1.04E-03 4.72E+02 5.55E-03 3.35E-01 6.12E-02 1.26E-02 3.13E-03 3.24E+00 8.18E-02 4.71E+02 4.73E-03 3.79E-03 2.80E-03 1.04E-03 4.72E+02
School Bus 2.31E-03 1.15E-02 1.54E-02 9.16E-02 8.00E-02 1.78E+00 7.14E-03 5.24E+00 4.23E+01 8.46E-02 2.88E-02 5.94E-02 2.27E-02 1.09E+03 7.08E-02 5.24E+00 1.87E-01 8.45E-02 7.14E-03 4.23E+01 1.78E+00 1.07E+03 8.46E-02 2.88E-02 5.94E-02 2.27E-02 1.09E+03
Single Unit Long-haul Truck 1.88E-03 7.93E-03 1.25E-02 6.35E-02 3.18E-02 1.30E+00 7.13E-03 4.88E+00 2.80E+01 4.02E-02 4.55E-02 4.27E-02 1.61E-02 1.09E+03 2.81E-02 4.88E+00 1.08E-01 3.79E-02 7.13E-03 2.80E+01 1.30E+00 1.07E+03 4.02E-02 4.55E-02 4.27E-02 1.61E-02 1.09E+03
Single Unit Short-haul Truck 1.87E-03 7.94E-03 1.25E-02 6.36E-02 1.24E-02 3.23E-01 7.36E-03 1.13E+00 8.34E+00 6.47E-03 1.24E-02 1.13E-02 4.13E-03 1.11E+03 1.10E-02 1.13E+00 8.85E-02 2.08E-02 7.36E-03 8.34E+00 3.23E-01 1.11E+03 6.47E-03 1.24E-02 1.13E-02 4.13E-03 1.11E+03
Transit Bus 3.72E-03 1.64E-02 2.48E-02 1.31E-01 3.09E-02 5.22E-01 9.65E-03 1.45E+00 1.31E+01 1.10E-02 1.28E-02 1.65E-02 5.97E-03 1.46E+03 2.74E-02 1.45E+00 1.87E-01 4.75E-02 9.65E-03 1.31E+01 5.22E-01 1.45E+03 1.10E-02 1.28E-02 1.65E-02 5.97E-03 1.46E+03
Motor Home 2.06E-03 8.91E-03 1.37E-02 7.13E-02 2.79E-02 7.97E-01 7.63E-03 2.56E+00 2.02E+01 2.35E-02 2.19E-02 2.68E-02 9.96E-03 1.16E+03 2.47E-02 2.56E+00 1.13E-01 3.56E-02 7.63E-03 2.02E+01 7.97E-01 1.15E+03 2.35E-02 2.19E-02 2.68E-02 9.96E-03 1.16E+03
Refuse Truck 1.87E-03 6.49E-03 1.25E-02 5.19E-02 1.09E-01 1.28E+00 1.10E-02 5.40E+00 3.71E+01 3.18E-02 5.22E-02 4.05E-02 1.52E-02 1.67E+03 9.66E-02 5.40E+00 1.74E-01 1.05E-01 1.10E-02 3.71E+01 1.28E+00 1.65E+03 3.18E-02 5.22E-02 4.05E-02 1.52E-02 1.67E+03
Light Commercial Truck 1.30E-03 5.78E-03 8.65E-03 4.63E-02 6.03E-03 7.02E-02 3.14E-03 3.10E-01 3.17E+00 4.73E-03 3.82E-03 2.44E-03 8.98E-04 4.73E+02 5.34E-03 3.10E-01 6.10E-02 1.24E-02 3.14E-03 3.17E+00 7.02E-02 4.72E+02 4.73E-03 3.82E-03 2.44E-03 8.98E-04 4.73E+02

Compressed Natural Gas (CNG) Transit Bus 2.54E-03 1.06E-02 1.69E-02 8.48E-02 4.67E-02 6.11E-01 7.57E-03 4.09E+00 7.32E+00 6.06E+00 6.95E-02 1.03E-03 2.54E-01 1.60E+03 4.13E-02 4.09E+00 1.48E-01 5.44E-02 7.57E-03 7.32E+00 6.11E-01 1.43E+03 6.06E+00 6.95E-02 1.03E-03 2.54E-01 1.60E+03
Ethanol (E-85) Passenger Car 1.27E-03 3.49E-03 8.45E-03 2.79E-02 2.56E-03 2.03E-02 2.73E-03 6.63E-02 1.24E+00 4.51E-03 1.60E-03 3.28E-04 4.03E-04 3.55E+02 2.26E-03 6.63E-02 3.89E-02 7.02E-03 2.73E-03 1.24E+00 2.03E-02 3.55E+02 4.51E-03 1.60E-03 3.28E-04 4.03E-04 3.55E+02

Passenger Truck 1.27E-03 5.81E-03 8.45E-03 4.65E-02 2.76E-03 2.94E-02 3.40E-03 1.01E-01 1.54E+00 7.46E-03 2.12E-03 4.99E-04 6.11E-04 4.42E+02 2.45E-03 1.01E-01 5.77E-02 9.52E-03 3.40E-03 1.54E+00 2.94E-02 4.41E+02 7.46E-03 2.12E-03 4.99E-04 6.11E-04 4.42E+02
Light Commercial Truck 1.27E-03 5.82E-03 8.45E-03 4.66E-02 2.73E-03 2.83E-02 3.37E-03 9.70E-02 1.48E+00 7.07E-03 2.11E-03 4.78E-04 5.76E-04 4.39E+02 2.41E-03 9.70E-02 5.78E-02 9.50E-03 3.37E-03 1.48E+00 2.83E-02 4.38E+02 7.07E-03 2.11E-03 4.78E-04 5.76E-04 4.39E+02

Urban Restricted Access 2018 Diesel Fuel Combination Long-haul Truck 4.34E-03 1.69E-02 2.90E-02 1.35E-01 3.17E-01 4.07E-01 1.73E-02 7.25E+00 1.75E+00 5.02E-02 3.07E-03 3.18E-03 3.58E-02 1.97E+03 2.91E-01 7.25E+00 4.81E-01 3.12E-01 1.73E-02 1.75E+00 4.07E-01 1.97E+03 5.02E-02 3.07E-03 3.18E-03 3.58E-02 1.97E+03
Combination Short-haul Truck 3.90E-03 1.52E-02 2.60E-02 1.22E-01 2.30E-01 3.21E-01 1.65E-02 5.82E+00 1.39E+00 5.28E-02 3.07E-03 2.53E-03 2.96E-02 1.89E+03 2.12E-01 5.82E+00 3.78E-01 2.31E-01 1.65E-02 1.39E+00 3.21E-01 1.89E+03 5.28E-02 3.07E-03 2.53E-03 2.96E-02 1.89E+03
Intercity Bus 3.35E-03 1.28E-02 2.23E-02 1.03E-01 4.85E-01 6.66E-01 1.70E-02 1.16E+01 2.62E+00 3.53E-02 2.84E-03 5.14E-03 5.41E-02 1.91E+03 4.46E-01 1.16E+01 6.10E-01 4.62E-01 1.70E-02 2.62E+00 6.66E-01 1.91E+03 3.53E-02 2.84E-03 5.14E-03 5.41E-02 1.91E+03
Passenger Car 1.12E-03 2.46E-03 7.44E-03 1.97E-02 4.26E-03 2.19E-02 3.06E-03 1.09E-01 1.94E+00 8.84E-03 5.78E-04 1.90E-04 2.62E-03 3.53E+02 3.91E-03 1.09E-01 3.13E-02 7.49E-03 3.06E-03 1.94E+00 2.19E-02 3.52E+02 8.84E-03 5.78E-04 1.90E-04 2.62E-03 3.53E+02
Passenger Truck 1.39E-03 3.74E-03 9.29E-03 2.99E-02 5.27E-02 1.74E-01 6.03E-03 1.16E+00 2.06E+00 2.84E-02 2.16E-03 1.45E-03 1.68E-02 6.92E+02 4.85E-02 1.16E+00 9.19E-02 5.36E-02 6.03E-03 2.06E+00 1.74E-01 6.90E+02 2.84E-02 2.16E-03 1.45E-03 1.68E-02 6.92E+02
School Bus 2.03E-03 9.40E-03 1.35E-02 7.52E-02 4.08E-01 8.21E-01 1.18E-02 7.37E+00 2.17E+00 3.93E-02 2.84E-03 6.44E-03 6.74E-02 1.33E+03 3.76E-01 7.37E+00 4.97E-01 3.87E-01 1.18E-02 2.17E+00 8.21E-01 1.33E+03 3.93E-02 2.84E-03 6.44E-03 6.74E-02 1.33E+03
Single Unit Long-haul Truck 2.39E-03 9.95E-03 1.59E-02 7.96E-02 1.35E-01 2.99E-01 9.86E-03 2.68E+00 9.63E-01 5.14E-02 2.84E-03 2.47E-03 2.88E-02 1.13E+03 1.24E-01 2.68E+00 2.31E-01 1.37E-01 9.86E-03 9.63E-01 2.99E-01 1.13E+03 5.14E-02 2.84E-03 2.47E-03 2.88E-02 1.13E+03
Single Unit Short-haul Truck 2.17E-03 8.77E-03 1.44E-02 7.01E-02 1.63E-01 3.39E-01 1.04E-02 3.18E+00 1.11E+00 5.13E-02 2.84E-03 2.79E-03 3.20E-02 1.19E+03 1.50E-01 3.18E+00 2.47E-01 1.61E-01 1.04E-02 1.11E+00 3.39E-01 1.19E+03 5.13E-02 2.84E-03 2.79E-03 3.20E-02 1.19E+03
Transit Bus 2.23E-03 8.32E-03 1.49E-02 6.65E-02 4.25E-01 6.60E-01 1.57E-02 9.92E+00 3.25E+00 4.26E-02 2.84E-03 5.15E-03 5.48E-02 1.78E+03 3.91E-01 9.92E+00 5.06E-01 4.01E-01 1.57E-02 3.25E+00 6.60E-01 1.77E+03 4.26E-02 2.84E-03 5.15E-03 5.48E-02 1.78E+03
Motor Home 1.81E-03 6.60E-03 1.21E-02 5.28E-02 2.68E-01 5.80E-01 1.15E-02 4.93E+00 1.62E+00 4.53E-02 2.84E-03 4.59E-03 4.94E-02 1.31E+03 2.47E-01 4.93E+00 3.33E-01 2.55E-01 1.15E-02 1.62E+00 5.80E-01 1.30E+03 4.53E-02 2.84E-03 4.59E-03 4.94E-02 1.31E+03
Refuse Truck 4.07E-03 1.46E-02 2.71E-02 1.17E-01 2.37E-01 3.15E-01 1.67E-02 5.80E+00 1.34E+00 4.80E-02 2.84E-03 2.46E-03 2.84E-02 1.91E+03 2.18E-01 5.80E+00 3.81E-01 2.37E-01 1.67E-02 1.34E+00 3.15E-01 1.91E+03 4.80E-02 2.84E-03 2.46E-03 2.84E-02 1.91E+03
Light Commercial Truck 1.35E-03 3.84E-03 9.03E-03 3.07E-02 6.33E-02 2.04E-01 5.68E-03 1.22E+00 2.26E+00 2.48E-02 1.98E-03 1.67E-03 1.87E-02 6.49E+02 5.82E-02 1.22E+00 1.03E-01 6.34E-02 5.68E-03 2.26E+00 2.04E-01 6.48E+02 2.48E-02 1.98E-03 1.67E-03 1.87E-02 6.49E+02

Gasoline Combination Short-haul Truck 2.14E-03 9.03E-03 1.42E-02 7.23E-02 3.70E-01 3.42E+00 1.18E-02 1.21E+01 1.35E+02 1.84E-01 2.90E-02 1.13E-01 4.34E-02 1.79E+03 3.27E-01 1.21E+01 4.56E-01 3.38E-01 1.18E-02 1.35E+02 3.42E+00 1.77E+03 1.84E-01 2.90E-02 1.13E-01 4.34E-02 1.79E+03
Motorcycle 5.58E-04 2.30E-04 3.72E-03 1.84E-03 3.59E-02 7.48E-01 2.91E-03 8.95E-01 1.51E+01 3.23E-02 2.94E-03 3.23E-02 1.17E-02 4.39E+02 3.18E-02 8.95E-01 4.15E-02 3.26E-02 2.91E-03 1.51E+01 7.48E-01 4.38E+02 3.23E-02 2.94E-03 3.23E-02 1.17E-02 4.39E+02
Passenger Car 1.12E-03 2.46E-03 7.44E-03 1.97E-02 7.40E-03 4.19E-02 2.37E-03 1.93E-01 2.71E+00 3.65E-03 1.80E-03 1.42E-03 5.26E-04 3.57E+02 6.55E-03 1.93E-01 3.45E-02 1.01E-02 2.37E-03 2.71E+00 4.19E-02 3.56E+02 3.65E-03 1.80E-03 1.42E-03 5.26E-04 3.57E+02
Passenger Truck 1.12E-03 4.04E-03 7.49E-03 3.23E-02 9.38E-03 8.54E-02 3.10E-03 3.79E-01 4.30E+00 5.92E-03 3.15E-03 2.98E-03 1.10E-03 4.67E+02 8.30E-03 3.79E-01 4.92E-02 1.35E-02 3.10E-03 4.30E+00 8.54E-02 4.66E+02 5.92E-03 3.15E-03 2.98E-03 1.10E-03 4.67E+02
School Bus 2.03E-03 9.40E-03 1.35E-02 7.52E-02 1.97E-01 1.87E+00 8.34E-03 6.53E+00 5.65E+01 8.86E-02 2.39E-02 6.18E-02 2.36E-02 1.26E+03 1.74E-01 6.53E+00 2.85E-01 1.85E-01 8.34E-03 5.65E+01 1.87E+00 1.25E+03 8.86E-02 2.39E-02 6.18E-02 2.36E-02 1.26E+03
Single Unit Long-haul Truck 1.65E-03 6.03E-03 1.10E-02 4.82E-02 1.93E-01 1.28E+00 7.54E-03 5.22E+00 3.30E+01 4.03E-02 3.78E-02 4.19E-02 1.58E-02 1.15E+03 1.71E-01 5.22E+00 2.52E-01 1.79E-01 7.54E-03 3.30E+01 1.28E+00 1.13E+03 4.03E-02 3.78E-02 4.19E-02 1.58E-02 1.15E+03
Single Unit Short-haul Truck 1.65E-03 6.01E-03 1.10E-02 4.80E-02 4.29E-02 3.15E-01 7.68E-03 1.20E+00 9.05E+00 6.35E-03 1.03E-02 1.09E-02 3.96E-03 1.16E+03 3.80E-02 1.20E+00 1.02E-01 4.56E-02 7.68E-03 9.05E+00 3.15E-01 1.16E+03 6.35E-03 1.03E-02 1.09E-02 3.96E-03 1.16E+03
Transit Bus 3.27E-03 1.29E-02 2.18E-02 1.03E-01 5.85E-02 5.08E-01 1.06E-02 1.65E+00 1.48E+01 1.07E-02 1.06E-02 1.54E-02 5.55E-03 1.60E+03 5.17E-02 1.65E+00 1.83E-01 6.79E-02 1.06E-02 1.48E+01 5.08E-01 1.60E+03 1.07E-02 1.06E-02 1.54E-02 5.55E-03 1.60E+03
Motor Home 1.81E-03 6.60E-03 1.21E-02 5.28E-02 1.02E-01 8.07E-01 8.21E-03 2.79E+00 2.45E+01 2.40E-02 1.82E-02 2.68E-02 9.96E-03 1.24E+03 9.04E-02 2.79E+00 1.67E-01 9.89E-02 8.21E-03 2.45E+01 8.07E-01 1.23E+03 2.40E-02 1.82E-02 2.68E-02 9.96E-03 1.24E+03
Refuse Truck 1.65E-03 4.98E-03 1.10E-02 3.99E-02 2.22E-01 1.31E+00 1.16E-02 5.71E+00 3.93E+01 3.24E-02 4.34E-02 4.13E-02 1.55E-02 1.75E+03 1.96E-01 5.71E+00 2.72E-01 2.03E-01 1.16E-02 3.93E+01 1.31E+00 1.74E+03 3.24E-02 4.34E-02 4.13E-02 1.55E-02 1.75E+03
Light Commercial Truck 1.14E-03 4.08E-03 7.61E-03 3.26E-02 8.40E-03 7.13E-02 3.06E-03 3.40E-01 3.94E+00 5.59E-03 3.17E-03 2.52E-03 9.26E-04 4.61E+02 7.43E-03 3.40E-01 4.86E-02 1.27E-02 3.06E-03 3.94E+00 7.13E-02 4.60E+02 5.59E-03 3.17E-03 2.52E-03 9.26E-04 4.61E+02

Compressed Natural Gas (CNG) Transit Bus 2.23E-03 8.32E-03 1.49E-02 6.65E-02 6.68E-02 6.02E-01 8.34E-03 4.67E+00 8.25E+00 5.77E+00 5.77E-02 9.97E-04 2.56E-01 1.73E+03 5.91E-02 4.67E+00 1.48E-01 6.97E-02 8.34E-03 8.25E+00 6.02E-01 1.57E+03 5.77E+00 5.77E-02 9.97E-04 2.56E-01 1.73E+03
Ethanol (E-85) Passenger Car 1.12E-03 2.46E-03 7.44E-03 1.97E-02 3.15E-03 2.23E-02 2.68E-03 7.64E-02 1.71E+00 5.61E-03 1.33E-03 3.86E-04 4.76E-04 3.49E+02 2.79E-03 7.64E-02 3.02E-02 6.36E-03 2.68E-03 1.71E+00 2.23E-02 3.48E+02 5.61E-03 1.33E-03 3.86E-04 4.76E-04 3.49E+02

Passenger Truck 1.12E-03 4.05E-03 7.44E-03 3.24E-02 3.93E-03 3.37E-02 3.36E-03 1.25E-01 2.20E+00 9.94E-03 1.76E-03 6.12E-04 7.57E-04 4.37E+02 3.48E-03 1.25E-01 4.38E-02 8.64E-03 3.36E-03 2.20E+00 3.37E-02 4.37E+02 9.94E-03 1.76E-03 6.12E-04 7.57E-04 4.37E+02
Light Commercial Truck 1.12E-03 4.11E-03 7.44E-03 3.29E-02 3.60E-03 3.15E-02 3.29E-03 1.17E-01 2.01E+00 9.03E-03 1.75E-03 5.65E-04 6.90E-04 4.27E+02 3.19E-03 1.17E-01 4.39E-02 8.41E-03 3.29E-03 2.01E+00 3.15E-02 4.27E+02 9.03E-03 1.75E-03 5.65E-04 6.90E-04 4.27E+02

Urban Unrestricted Acces 2018 Diesel Fuel Combination Long-haul Truck 5.87E-03 4.82E-02 3.91E-02 3.86E-01 5.04E-01 6.60E-01 2.18E-02 9.51E+00 2.58E+00 8.83E-02 5.71E-03 5.27E-03 5.98E-02 2.48E+03 4.63E-01 9.51E+00 9.29E-01 5.18E-01 2.18E-02 2.58E+00 6.60E-01 2.47E+03 8.83E-02 5.71E-03 5.27E-03 5.98E-02 2.48E+03
Combination Short-haul Truck 5.27E-03 4.31E-02 3.51E-02 3.45E-01 3.60E-01 5.16E-01 2.08E-02 7.51E+00 2.06E+00 9.30E-02 5.70E-03 4.19E-03 4.94E-02 2.38E+03 3.31E-01 7.51E+00 7.40E-01 3.80E-01 2.08E-02 2.06E+00 5.16E-01 2.38E+03 9.30E-02 5.70E-03 4.19E-03 4.94E-02 2.38E+03
Intercity Bus 4.84E-03 3.89E-02 3.22E-02 3.11E-01 7.81E-01 1.11E+00 2.07E-02 1.40E+01 3.96E+00 6.28E-02 5.69E-03 8.67E-03 9.15E-02 2.32E+03 7.19E-01 1.40E+01 1.12E+00 7.62E-01 2.07E-02 3.96E+00 1.11E+00 2.32E+03 6.28E-02 5.69E-03 8.67E-03 9.15E-02 2.32E+03
Passenger Car 1.61E-03 7.18E-03 1.07E-02 5.74E-02 4.33E-03 2.25E-02 3.93E-03 8.84E-02 1.66E+00 6.93E-03 1.16E-03 1.80E-04 2.36E-03 4.53E+02 3.99E-03 8.84E-02 7.25E-02 1.28E-02 3.93E-03 1.66E+00 2.25E-02 4.53E+02 6.93E-03 1.16E-03 1.80E-04 2.36E-03 4.53E+02
Passenger Truck 2.01E-03 1.12E-02 1.34E-02 8.92E-02 7.72E-02 2.76E-01 7.57E-03 1.57E+00 2.30E+00 4.27E-02 4.35E-03 2.30E-03 2.64E-02 8.69E+02 7.11E-02 1.57E+00 1.80E-01 8.42E-02 7.57E-03 2.30E+00 2.76E-01 8.66E+02 4.27E-02 4.35E-03 2.30E-03 2.64E-02 8.69E+02
School Bus 2.94E-03 2.16E-02 1.96E-02 1.73E-01 5.90E-01 1.25E+00 1.27E-02 8.27E+00 2.80E+00 6.01E-02 5.69E-03 9.90E-03 1.04E-01 1.43E+03 5.42E-01 8.27E+00 7.82E-01 5.67E-01 1.27E-02 2.80E+00 1.25E+00 1.42E+03 6.01E-02 5.69E-03 9.90E-03 1.04E-01 1.43E+03
Single Unit Long-haul Truck 3.45E-03 2.80E-02 2.30E-02 2.24E-01 2.22E-01 5.32E-01 1.40E-02 4.03E+00 1.54E+00 9.47E-02 5.70E-03 4.45E-03 5.22E-02 1.62E+03 2.04E-01 4.03E+00 4.69E-01 2.36E-01 1.40E-02 1.54E+00 5.32E-01 1.61E+03 9.47E-02 5.70E-03 4.45E-03 5.22E-02 1.62E+03
Single Unit Short-haul Truck 3.13E-03 2.46E-02 2.09E-02 1.97E-01 2.71E-01 6.07E-01 1.47E-02 4.72E+00 1.79E+00 9.46E-02 5.71E-03 5.05E-03 5.81E-02 1.68E+03 2.49E-01 4.72E+00 4.89E-01 2.77E-01 1.47E-02 1.79E+00 6.07E-01 1.68E+03 9.46E-02 5.71E-03 5.05E-03 5.81E-02 1.68E+03
Transit Bus 3.22E-03 2.19E-02 2.15E-02 1.75E-01 5.81E-01 9.26E-01 1.55E-02 1.12E+01 3.90E+00 6.60E-02 5.70E-03 7.34E-03 7.86E-02 1.75E+03 5.34E-01 1.12E+01 7.78E-01 5.59E-01 1.55E-02 3.90E+00 9.26E-01 1.75E+03 6.60E-02 5.70E-03 7.34E-03 7.86E-02 1.75E+03
Motor Home 2.61E-03 1.84E-02 1.74E-02 1.47E-01 4.46E-01 1.04E+00 1.51E-02 6.76E+00 2.62E+00 8.39E-02 5.70E-03 8.34E-03 9.00E-02 1.72E+03 4.10E-01 6.76E+00 6.11E-01 4.31E-01 1.51E-02 2.62E+00 1.04E+00 1.72E+03 8.39E-02 5.70E-03 8.34E-03 9.00E-02 1.72E+03
Refuse Truck 5.87E-03 4.19E-02 3.92E-02 3.36E-01 3.59E-01 4.83E-01 1.88E-02 6.83E+00 1.87E+00 7.86E-02 5.70E-03 3.89E-03 4.52E-02 2.15E+03 3.31E-01 6.83E+00 7.34E-01 3.78E-01 1.88E-02 1.87E+00 4.83E-01 2.15E+03 7.86E-02 5.70E-03 3.89E-03 4.52E-02 2.15E+03
Light Commercial Truck 1.96E-03 1.13E-02 1.30E-02 9.04E-02 9.47E-02 3.27E-01 7.26E-03 1.69E+00 2.64E+00 3.57E-02 3.98E-03 2.67E-03 2.95E-02 8.29E+02 8.71E-02 1.69E+00 1.98E-01 1.00E-01 7.26E-03 2.64E+00 3.27E-01 8.27E+02 3.57E-02 3.98E-03 2.67E-03 2.95E-02 8.29E+02

Gasoline Combination Short-haul Truck 2.89E-03 2.46E-02 1.92E-02 1.96E-01 3.16E-01 5.37E+00 1.48E-02 1.36E+01 1.52E+02 2.88E-01 5.40E-02 1.79E-01 6.87E-02 2.25E+03 2.80E-01 1.36E+01 5.32E-01 3.07E-01 1.48E-02 1.52E+02 5.37E+00 2.23E+03 2.88E-01 5.40E-02 1.79E-01 6.87E-02 2.25E+03
Motorcycle 8.05E-04 6.77E-04 5.37E-03 5.42E-03 2.71E-02 1.09E+00 3.02E-03 7.71E-01 1.65E+01 4.76E-02 5.91E-03 4.77E-02 1.72E-02 4.57E+02 2.40E-02 7.71E-01 3.79E-02 2.55E-02 3.02E-03 1.65E+01 1.09E+00 4.54E+02 4.76E-02 5.91E-03 4.77E-02 1.72E-02 4.57E+02
Passenger Car 1.61E-03 7.18E-03 1.07E-02 5.74E-02 6.84E-03 5.32E-02 3.06E-03 1.79E-01 2.50E+00 3.48E-03 3.61E-03 1.74E-03 6.50E-04 4.61E+02 6.05E-03 1.79E-01 7.50E-02 1.48E-02 3.06E-03 2.50E+00 5.32E-02 4.60E+02 3.48E-03 3.61E-03 1.74E-03 6.50E-04 4.61E+02
Passenger Truck 1.62E-03 1.20E-02 1.08E-02 9.58E-02 6.80E-03 1.05E-01 3.87E-03 3.21E-01 3.73E+00 5.06E-03 6.32E-03 3.56E-03 1.33E-03 5.85E+02 6.02E-03 3.21E-01 1.13E-01 1.96E-02 3.87E-03 3.73E+00 1.05E-01 5.83E+02 5.06E-03 6.32E-03 3.56E-03 1.33E-03 5.85E+02
School Bus 2.93E-03 2.16E-02 1.96E-02 1.73E-01 8.00E-02 2.72E+00 8.41E-03 5.19E+00 4.60E+01 1.29E-01 4.80E-02 9.18E-02 3.51E-02 1.28E+03 7.08E-02 5.19E+00 2.72E-01 9.53E-02 8.41E-03 4.60E+01 2.72E+00 1.27E+03 1.29E-01 4.80E-02 9.18E-02 3.51E-02 1.28E+03
Single Unit Long-haul Truck 2.38E-03 1.60E-02 1.59E-02 1.28E-01 3.91E-02 2.24E+00 9.48E-03 5.68E+00 3.81E+01 6.76E-02 7.59E-02 7.50E-02 2.84E-02 1.45E+03 3.46E-02 5.68E+00 1.83E-01 5.29E-02 9.48E-03 3.81E+01 2.24E+00 1.43E+03 6.76E-02 7.59E-02 7.50E-02 2.84E-02 1.45E+03
Single Unit Short-haul Truck 2.38E-03 1.61E-02 1.59E-02 1.29E-01 1.27E-02 5.56E-01 9.83E-03 1.33E+00 1.15E+01 1.11E-02 2.07E-02 2.04E-02 7.43E-03 1.48E+03 1.12E-02 1.33E+00 1.58E-01 2.97E-02 9.83E-03 1.15E+01 5.56E-01 1.48E+03 1.11E-02 2.07E-02 2.04E-02 7.43E-03 1.48E+03
Transit Bus 4.73E-03 3.36E-02 3.15E-02 2.69E-01 3.07E-02 7.80E-01 1.10E-02 1.49E+00 1.43E+01 1.66E-02 2.13E-02 2.66E-02 9.67E-03 1.66E+03 2.71E-02 1.49E+00 3.31E-01 6.54E-02 1.10E-02 1.43E+01 7.80E-01 1.65E+03 1.66E-02 2.13E-02 2.66E-02 9.67E-03 1.66E+03
Motor Home 2.61E-03 1.84E-02 1.74E-02 1.47E-01 2.85E-02 1.32E+00 9.93E-03 2.97E+00 2.61E+01 3.84E-02 3.66E-02 4.58E-02 1.70E-02 1.51E+03 2.52E-02 2.97E+00 1.93E-01 4.62E-02 9.93E-03 2.61E+01 1.32E+00 1.49E+03 3.84E-02 3.66E-02 4.58E-02 1.70E-02 1.51E+03
Refuse Truck 2.38E-03 1.39E-02 1.59E-02 1.11E-01 1.24E-01 2.20E+00 1.36E-02 6.17E+00 4.65E+01 5.17E-02 8.71E-02 7.21E-02 2.72E-02 2.07E+03 1.10E-01 6.17E+00 2.51E-01 1.26E-01 1.36E-02 4.65E+01 2.20E+00 2.04E+03 5.17E-02 8.71E-02 7.21E-02 2.72E-02 2.07E+03
Light Commercial Truck 1.65E-03 1.19E-02 1.10E-02 9.56E-02 6.54E-03 9.19E-02 3.90E-03 3.00E-01 3.69E+00 5.34E-03 6.36E-03 3.19E-03 1.18E-03 5.88E+02 5.79E-03 3.00E-01 1.13E-01 1.94E-02 3.90E-03 3.69E+00 9.19E-02 5.86E+02 5.34E-03 6.36E-03 3.19E-03 1.18E-03 5.88E+02

Compressed Natural Gas (CNG) Transit Bus 3.22E-03 2.19E-02 2.15E-02 1.75E-01 4.03E-02 8.95E-01 8.63E-03 4.22E+00 8.10E+00 9.46E+00 1.16E-01 1.57E-03 3.54E-01 1.90E+03 3.57E-02 4.22E+00 2.37E-01 6.08E-02 8.63E-03 8.10E+00 8.95E-01 1.63E+03 9.46E+00 1.16E-01 1.57E-03 3.54E-01 1.90E+03
Ethanol (E-85) Passenger Car 1.61E-03 7.18E-03 1.07E-02 5.74E-02 3.16E-03 2.44E-02 3.46E-03 6.32E-02 1.50E+00 4.87E-03 2.67E-03 3.77E-04 4.65E-04 4.50E+02 2.79E-03 6.32E-02 7.13E-02 1.16E-02 3.46E-03 1.50E+00 2.44E-02 4.49E+02 4.87E-03 2.67E-03 3.77E-04 4.65E-04 4.50E+02

Passenger Truck 1.61E-03 1.20E-02 1.07E-02 9.60E-02 3.02E-03 3.31E-02 4.20E-03 8.76E-02 1.69E+00 7.22E-03 3.53E-03 5.30E-04 6.46E-04 5.47E+02 2.67E-03 8.76E-02 1.10E-01 1.63E-02 4.20E-03 1.69E+00 3.31E-02 5.46E+02 7.22E-03 3.53E-03 5.30E-04 6.46E-04 5.47E+02
Light Commercial Truck 1.61E-03 1.20E-02 1.07E-02 9.62E-02 2.97E-03 3.21E-02 4.19E-03 8.45E-02 1.66E+00 6.88E-03 3.52E-03 5.11E-04 6.11E-04 5.45E+02 2.63E-03 8.45E-02 1.10E-01 1.63E-02 4.19E-03 1.66E+00 3.21E-02 5.44E+02 6.88E-03 3.52E-03 5.11E-04 6.11E-04 5.45E+02
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0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Sum of emisRate - 35 mph Pollutant RateUnit =CO2(eq)-(CH4*25)-(NO2*298) 
PM2.5 Tirewear PM2.5 BrakewearPM10 Tirewear PM10 Brakewear PM10 Total Exh VOC SO2 NOx CO Methane (CH4) N2O Benzene Formaldehyde CO2 Equivalent PM2.5 Total ExhNOx PM10 PM2.5 SO2 CO VOC CO2 Methane (CH4) N2O Benzene Formaldehyde CO2 Equivalent

RoadType yearID FuelType SourceType g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi
Rural Restricted Access 2028 Diesel Fuel Combination Long-haul Truck 4.39E-03 1.19E-02 2.93E-02 9.53E-02 6.81E-02 1.01E-01 1.38E-02 2.11E+00 4.84E-01 3.85E-02 1.72E-03 7.72E-04 1.09E-02 1.60E+03 6.27E-02 2.11E+00 1.93E-01 7.90E-02 1.38E-02 4.84E-01 1.01E-01 1.60E+03 3.85E-02 1.72E-03 7.72E-04 1.09E-02 1.60E+03

Combination Short-haul Truck 3.92E-03 1.08E-02 2.61E-02 8.65E-02 3.96E-02 7.73E-02 1.33E-02 1.57E+00 3.83E-01 3.91E-02 1.72E-03 6.04E-04 9.24E-03 1.55E+03 3.65E-02 1.57E+00 1.52E-01 5.12E-02 1.33E-02 3.83E-01 7.73E-02 1.55E+03 3.91E-02 1.72E-03 6.04E-04 9.24E-03 1.55E+03
Intercity Bus 3.44E-03 9.98E-03 2.29E-02 7.98E-02 1.14E-01 1.76E-01 1.40E-02 3.19E+00 7.89E-01 3.44E-02 1.63E-03 1.34E-03 1.62E-02 1.61E+03 1.04E-01 3.19E+00 2.16E-01 1.18E-01 1.40E-02 7.89E-01 1.76E-01 1.61E+03 3.44E-02 1.63E-03 1.34E-03 1.62E-02 1.61E+03
Passenger Car 1.15E-03 1.54E-03 7.64E-03 1.24E-02 3.23E-03 1.06E-02 1.81E-03 5.70E-02 1.39E+00 9.24E-03 3.32E-04 1.13E-04 1.89E-03 2.10E+02 2.98E-03 5.70E-02 2.32E-02 5.67E-03 1.81E-03 1.39E+00 1.06E-02 2.10E+02 9.24E-03 3.32E-04 1.13E-04 1.89E-03 2.10E+02
Passenger Truck 1.44E-03 2.32E-03 9.59E-03 1.86E-02 1.12E-02 3.60E-02 4.37E-03 3.38E-01 8.48E-01 2.34E-02 1.26E-03 3.60E-04 5.52E-03 5.08E+02 1.03E-02 3.38E-01 3.94E-02 1.41E-02 4.37E-03 8.48E-01 3.60E-02 5.07E+02 2.34E-02 1.26E-03 3.60E-04 5.52E-03 5.08E+02
School Bus 2.09E-03 7.47E-03 1.39E-02 5.97E-02 7.43E-02 1.96E-01 9.20E-03 2.08E+00 6.99E-01 3.68E-02 1.63E-03 1.57E-03 1.87E-02 1.06E+03 6.84E-02 2.08E+00 1.48E-01 7.79E-02 9.20E-03 6.99E-01 1.96E-01 1.06E+03 3.68E-02 1.63E-03 1.57E-03 1.87E-02 1.06E+03
Single Unit Long-haul Truck 2.46E-03 7.91E-03 1.64E-02 6.33E-02 2.15E-02 6.34E-02 7.43E-03 7.80E-01 3.19E-01 3.87E-02 1.63E-03 5.94E-04 9.12E-03 8.64E+02 1.97E-02 7.80E-01 1.01E-01 3.01E-02 7.43E-03 3.19E-01 6.34E-02 8.62E+02 3.87E-02 1.63E-03 5.94E-04 9.12E-03 8.64E+02
Single Unit Short-haul Truck 2.19E-03 6.84E-03 1.46E-02 5.47E-02 2.17E-02 6.29E-02 7.91E-03 8.23E-01 3.26E-01 3.88E-02 1.63E-03 5.94E-04 9.12E-03 9.20E+02 2.00E-02 8.23E-01 9.10E-02 2.90E-02 7.91E-03 3.26E-01 6.29E-02 9.19E+02 3.88E-02 1.63E-03 5.94E-04 9.12E-03 9.20E+02
Transit Bus 2.29E-03 6.42E-03 1.53E-02 5.13E-02 8.52E-02 1.41E-01 1.27E-02 2.46E+00 7.35E-01 3.70E-02 1.63E-03 1.10E-03 1.40E-02 1.47E+03 7.84E-02 2.46E+00 1.52E-01 8.71E-02 1.27E-02 7.35E-01 1.41E-01 1.46E+03 3.70E-02 1.63E-03 1.10E-03 1.40E-02 1.47E+03
Motor Home 1.86E-03 5.48E-03 1.24E-02 4.38E-02 4.65E-02 1.27E-01 8.93E-03 1.41E+00 5.08E-01 3.83E-02 1.63E-03 1.05E-03 1.36E-02 1.03E+03 4.28E-02 1.41E+00 1.03E-01 5.01E-02 8.93E-03 5.08E-01 1.27E-01 1.03E+03 3.83E-02 1.63E-03 1.05E-03 1.36E-02 1.03E+03
Refuse Truck 4.21E-03 1.10E-02 2.80E-02 8.80E-02 4.09E-02 7.22E-02 1.40E-02 1.56E+00 3.45E-01 3.71E-02 1.63E-03 5.44E-04 8.48E-03 1.62E+03 3.77E-02 1.56E+00 1.57E-01 5.29E-02 1.40E-02 3.45E-01 7.22E-02 1.62E+03 3.71E-02 1.63E-03 5.44E-04 8.48E-03 1.62E+03
Light Commercial Truck 1.39E-03 2.42E-03 9.25E-03 1.94E-02 1.10E-02 3.64E-02 3.94E-03 3.10E-01 9.75E-01 2.13E-02 1.13E-03 3.56E-04 5.30E-03 4.58E+02 1.02E-02 3.10E-01 3.97E-02 1.40E-02 3.94E-03 9.75E-01 3.64E-02 4.57E+02 2.13E-02 1.13E-03 3.56E-04 5.30E-03 4.58E+02

Gasoline Combination Short-haul Truck 4.49E-03 1.21E-02 2.99E-02 9.71E-02 1.35E-01 7.83E-01 1.06E-02 3.05E+00 2.35E+01 7.93E-03 1.23E-02 2.90E-02 1.05E-02 1.59E+03 1.19E-01 3.05E+00 2.62E-01 1.36E-01 1.06E-02 2.35E+01 7.83E-01 1.59E+03 7.93E-03 1.23E-02 2.90E-02 1.05E-02 1.59E+03
Motorcycle 5.73E-04 1.24E-04 3.82E-03 9.92E-04 3.25E-02 5.02E-01 2.58E-03 8.07E-01 1.16E+01 2.46E-02 1.68E-03 2.18E-02 7.86E-03 3.88E+02 2.87E-02 8.07E-01 3.73E-02 2.94E-02 2.58E-03 1.16E+01 5.02E-01 3.87E+02 2.46E-02 1.68E-03 2.18E-02 7.86E-03 3.88E+02
Passenger Car 1.15E-03 1.54E-03 7.64E-03 1.24E-02 3.18E-03 1.15E-02 1.41E-03 5.31E-02 1.43E+00 1.92E-03 7.85E-04 4.27E-04 1.52E-04 2.12E+02 2.81E-03 5.31E-02 2.32E-02 5.50E-03 1.41E-03 1.43E+00 1.15E-02 2.12E+02 1.92E-03 7.85E-04 4.27E-04 1.52E-04 2.12E+02
Passenger Truck 1.15E-03 2.45E-03 7.70E-03 1.96E-02 5.01E-03 2.18E-02 1.92E-03 1.12E-01 2.09E+00 2.87E-03 9.55E-04 8.35E-04 3.01E-04 2.89E+02 4.44E-03 1.12E-01 3.23E-02 8.04E-03 1.92E-03 2.09E+00 2.18E-02 2.89E+02 2.87E-03 9.55E-04 8.35E-04 3.01E-04 2.89E+02
School Bus 2.09E-03 7.45E-03 1.39E-02 5.96E-02 3.99E-02 2.48E-01 6.93E-03 8.29E-01 6.04E+00 2.23E-03 4.85E-03 7.38E-03 2.60E-03 1.04E+03 3.53E-02 8.29E-01 1.13E-01 4.49E-02 6.93E-03 6.04E+00 2.48E-01 1.04E+03 2.23E-03 4.85E-03 7.38E-03 2.60E-03 1.04E+03
Single Unit Long-haul Truck 1.69E-03 4.78E-03 1.13E-02 3.83E-02 1.86E-01 6.71E-01 6.25E-03 3.70E+00 1.68E+01 7.67E-03 2.32E-02 2.09E-02 8.02E-03 9.45E+02 1.65E-01 3.70E+00 2.36E-01 1.71E-01 6.25E-03 1.68E+01 6.71E-01 9.38E+02 7.67E-03 2.32E-02 2.09E-02 8.02E-03 9.45E+02
Single Unit Short-haul Truck 1.69E-03 4.86E-03 1.13E-02 3.89E-02 2.34E-02 1.10E-01 6.28E-03 4.04E-01 2.92E+00 1.16E-03 2.91E-03 3.38E-03 1.18E-03 9.43E+02 2.07E-02 4.04E-01 7.35E-02 2.72E-02 6.28E-03 2.92E+00 1.10E-01 9.43E+02 1.16E-03 2.91E-03 3.38E-03 1.18E-03 9.43E+02
Transit Bus 3.37E-03 1.00E-02 2.25E-02 8.01E-02 3.60E-02 2.53E-01 9.27E-03 7.52E-01 5.34E+00 2.15E-03 3.30E-03 6.56E-03 2.25E-03 1.39E+03 3.19E-02 7.52E-01 1.39E-01 4.53E-02 9.27E-03 5.34E+00 2.53E-01 1.39E+03 2.15E-03 3.30E-03 6.56E-03 2.25E-03 1.39E+03
Motor Home 1.86E-03 5.48E-03 1.24E-02 4.38E-02 4.12E-02 2.19E-01 6.82E-03 6.98E-01 5.22E+00 1.85E-03 4.26E-03 6.22E-03 2.18E-03 1.03E+03 3.64E-02 6.98E-01 9.74E-02 4.38E-02 6.82E-03 5.22E+00 2.19E-01 1.02E+03 1.85E-03 4.26E-03 6.22E-03 2.18E-03 1.03E+03
Refuse Truck 1.59E-03 2.71E-03 1.06E-02 2.16E-02 5.51E-02 2.83E-01 1.01E-02 8.62E-01 5.02E+00 2.24E-03 5.68E-03 6.52E-03 2.31E-03 1.52E+03 4.88E-02 8.62E-01 8.74E-02 5.31E-02 1.01E-02 5.02E+00 2.83E-01 1.52E+03 2.24E-03 5.68E-03 6.52E-03 2.31E-03 1.52E+03
Light Commercial Truck 1.17E-03 2.52E-03 7.82E-03 2.02E-02 4.82E-03 2.05E-02 1.91E-03 1.12E-01 1.98E+00 2.72E-03 1.04E-03 7.81E-04 2.81E-04 2.88E+02 4.26E-03 1.12E-01 3.28E-02 7.96E-03 1.91E-03 1.98E+00 2.05E-02 2.87E+02 2.72E-03 1.04E-03 7.81E-04 2.81E-04 2.88E+02

Compressed Natural Gas (CNG) Transit Bus 2.29E-03 6.42E-03 1.53E-02 5.13E-02 1.20E-02 1.71E-01 7.29E-03 2.12E+00 6.41E+00 2.64E+00 3.31E-02 3.64E-04 4.80E-02 1.45E+03 1.06E-02 2.12E+00 7.86E-02 1.93E-02 7.29E-03 6.41E+00 1.71E-01 1.38E+03 2.64E+00 3.31E-02 3.64E-04 4.80E-02 1.45E+03
Ethanol (E-85) Passenger Car 1.15E-03 1.54E-03 7.64E-03 1.24E-02 1.99E-03 1.35E-02 1.62E-03 4.41E-02 1.09E+00 3.25E-03 7.83E-04 2.60E-04 3.02E-04 2.11E+02 1.76E-03 4.41E-02 2.20E-02 4.45E-03 1.62E-03 1.09E+00 1.35E-02 2.11E+02 3.25E-03 7.83E-04 2.60E-04 3.02E-04 2.11E+02

Passenger Truck 1.15E-03 2.46E-03 7.64E-03 1.96E-02 2.88E-03 2.16E-02 2.15E-03 7.91E-02 1.47E+00 5.11E-03 8.77E-04 4.35E-04 5.18E-04 2.80E+02 2.55E-03 7.91E-02 3.02E-02 6.15E-03 2.15E-03 1.47E+00 2.16E-02 2.79E+02 5.11E-03 8.77E-04 4.35E-04 5.18E-04 2.80E+02
Light Commercial Truck 1.15E-03 2.54E-03 7.64E-03 2.03E-02 2.63E-03 2.00E-02 2.09E-03 7.29E-02 1.33E+00 4.65E-03 8.77E-04 3.98E-04 4.71E-04 2.71E+02 2.33E-03 7.29E-02 3.06E-02 6.01E-03 2.09E-03 1.33E+00 2.00E-02 2.71E+02 4.65E-03 8.77E-04 3.98E-04 4.71E-04 2.71E+02

Rural Unrestricted Acces 2028 Diesel Fuel Combination Long-haul Truck 4.88E-03 1.67E-02 3.26E-02 1.33E-01 7.46E-02 1.13E-01 1.39E-02 2.18E+00 5.37E-01 4.50E-02 2.05E-03 8.95E-04 1.26E-02 1.61E+03 6.86E-02 2.18E+00 2.40E-01 9.01E-02 1.39E-02 5.37E-01 1.13E-01 1.61E+03 4.50E-02 2.05E-03 8.95E-04 1.26E-02 1.61E+03
Combination Short-haul Truck 4.36E-03 1.51E-02 2.91E-02 1.21E-01 4.30E-02 8.58E-02 1.33E-02 1.61E+00 4.26E-01 4.57E-02 2.05E-03 7.02E-04 1.08E-02 1.55E+03 3.96E-02 1.61E+00 1.93E-01 5.90E-02 1.33E-02 4.26E-01 8.58E-02 1.55E+03 4.57E-02 2.05E-03 7.02E-04 1.08E-02 1.55E+03
Intercity Bus 4.03E-03 1.51E-02 2.68E-02 1.21E-01 1.27E-01 2.04E-01 1.35E-02 3.13E+00 8.92E-01 4.23E-02 2.05E-03 1.60E-03 1.95E-02 1.55E+03 1.16E-01 3.13E+00 2.74E-01 1.36E-01 1.35E-02 8.92E-01 2.04E-01 1.55E+03 4.23E-02 2.05E-03 1.60E-03 1.95E-02 1.55E+03
Passenger Car 1.34E-03 2.50E-03 8.94E-03 2.00E-02 2.62E-03 8.17E-03 1.79E-03 4.13E-02 9.29E-01 6.74E-03 4.18E-04 8.27E-05 1.38E-03 2.08E+02 2.41E-03 4.13E-02 3.16E-02 6.25E-03 1.79E-03 9.29E-01 8.17E-03 2.08E+02 6.74E-03 4.18E-04 8.27E-05 1.38E-03 2.08E+02
Passenger Truck 1.68E-03 3.97E-03 1.12E-02 3.17E-02 1.12E-02 3.79E-02 4.35E-03 3.45E-01 6.38E-01 2.45E-02 1.58E-03 3.80E-04 5.81E-03 5.06E+02 1.03E-02 3.45E-01 5.42E-02 1.60E-02 4.35E-03 6.38E-01 3.79E-02 5.05E+02 2.45E-02 1.58E-03 3.80E-04 5.81E-03 5.06E+02
School Bus 2.44E-03 1.00E-02 1.63E-02 8.03E-02 7.35E-02 1.90E-01 6.89E-03 1.62E+00 6.17E-01 3.63E-02 2.05E-03 1.56E-03 1.85E-02 7.94E+02 6.76E-02 1.62E+00 1.70E-01 8.01E-02 6.89E-03 6.17E-01 1.90E-01 7.92E+02 3.63E-02 2.05E-03 1.56E-03 1.85E-02 7.94E+02
Single Unit Long-haul Truck 2.88E-03 1.13E-02 1.92E-02 9.01E-02 2.28E-02 7.40E-02 6.95E-03 7.79E-01 3.65E-01 4.72E-02 2.05E-03 7.22E-04 1.11E-02 8.09E+02 2.10E-02 7.79E-01 1.32E-01 3.51E-02 6.95E-03 3.65E-01 7.40E-02 8.07E+02 4.72E-02 2.05E-03 7.22E-04 1.11E-02 8.09E+02
Single Unit Short-haul Truck 2.57E-03 9.79E-03 1.71E-02 7.83E-02 2.35E-02 7.36E-02 7.44E-03 8.22E-01 3.74E-01 4.74E-02 2.05E-03 7.23E-04 1.11E-02 8.66E+02 2.16E-02 8.22E-01 1.19E-01 3.40E-02 7.44E-03 3.74E-01 7.36E-02 8.64E+02 4.74E-02 2.05E-03 7.23E-04 1.11E-02 8.66E+02
Transit Bus 2.68E-03 9.18E-03 1.79E-02 7.34E-02 8.04E-02 1.31E-01 9.75E-03 1.98E+00 6.39E-01 3.69E-02 2.05E-03 1.06E-03 1.36E-02 1.13E+03 7.39E-02 1.98E+00 1.72E-01 8.58E-02 9.75E-03 6.39E-01 1.31E-01 1.13E+03 3.69E-02 2.05E-03 1.06E-03 1.36E-02 1.13E+03
Motor Home 2.18E-03 7.97E-03 1.45E-02 6.37E-02 5.13E-02 1.49E-01 7.81E-03 1.31E+00 5.76E-01 4.71E-02 2.05E-03 1.28E-03 1.66E-02 9.04E+02 4.72E-02 1.31E+00 1.30E-01 5.74E-02 7.81E-03 5.76E-01 1.49E-01 9.02E+02 4.71E-02 2.05E-03 1.28E-03 1.66E-02 9.04E+02
Refuse Truck 4.92E-03 1.66E-02 3.28E-02 1.33E-01 4.38E-02 8.13E-02 1.33E-02 1.55E+00 3.99E-01 4.55E-02 2.05E-03 6.63E-04 1.04E-02 1.55E+03 4.03E-02 1.55E+00 2.10E-01 6.18E-02 1.33E-02 3.99E-01 8.13E-02 1.54E+03 4.55E-02 2.05E-03 6.63E-04 1.04E-02 1.55E+03
Light Commercial Truck 1.62E-03 4.02E-03 1.08E-02 3.22E-02 1.11E-02 3.82E-02 3.98E-03 3.15E-01 7.46E-01 2.17E-02 1.42E-03 3.72E-04 5.50E-03 4.62E+02 1.02E-02 3.15E-01 5.41E-02 1.59E-02 3.98E-03 7.46E-01 3.82E-02 4.61E+02 2.17E-02 1.42E-03 3.72E-04 5.50E-03 4.62E+02

Gasoline Combination Short-haul Truck 4.99E-03 1.70E-02 3.33E-02 1.36E-01 7.26E-02 8.47E-01 1.06E-02 3.03E+00 2.55E+01 8.71E-03 1.47E-02 3.18E-02 1.15E-02 1.59E+03 6.42E-02 3.03E+00 2.42E-01 8.61E-02 1.06E-02 2.55E+01 8.47E-01 1.58E+03 8.71E-03 1.47E-02 3.18E-02 1.15E-02 1.59E+03
Motorcycle 6.71E-04 2.17E-04 4.47E-03 1.74E-03 2.24E-02 5.27E-01 2.42E-03 7.57E-01 1.12E+01 2.60E-02 2.12E-03 2.31E-02 8.33E-03 3.65E+02 1.98E-02 7.57E-01 2.86E-02 2.07E-02 2.42E-03 1.12E+01 5.27E-01 3.63E+02 2.60E-02 2.12E-03 2.31E-02 8.33E-03 3.65E+02
Passenger Car 1.34E-03 2.50E-03 8.94E-03 2.00E-02 2.56E-03 9.13E-03 1.40E-03 3.84E-02 9.61E-01 1.40E-03 9.87E-04 3.17E-04 1.12E-04 2.10E+02 2.26E-03 3.84E-02 3.15E-02 6.11E-03 1.40E-03 9.61E-01 9.13E-03 2.10E+02 1.40E-03 9.87E-04 3.17E-04 1.12E-04 2.10E+02
Passenger Truck 1.35E-03 4.14E-03 9.01E-03 3.31E-02 3.61E-03 1.64E-02 1.87E-03 7.98E-02 1.38E+00 1.96E-03 1.20E-03 5.91E-04 2.12E-04 2.81E+02 3.19E-03 7.98E-02 4.57E-02 8.69E-03 1.87E-03 1.38E+00 1.64E-02 2.81E+02 1.96E-03 1.20E-03 5.91E-04 2.12E-04 2.81E+02
School Bus 2.44E-03 1.00E-02 1.63E-02 8.02E-02 1.09E-02 2.30E-01 5.15E-03 5.90E-01 4.54E+00 2.28E-03 6.10E-03 7.52E-03 2.68E-03 7.75E+02 9.60E-03 5.90E-01 1.07E-01 2.21E-02 5.15E-03 4.54E+00 2.30E-01 7.74E+02 2.28E-03 6.10E-03 7.52E-03 2.68E-03 7.75E+02
Single Unit Long-haul Truck 1.98E-03 6.67E-03 1.32E-02 5.34E-02 1.56E-02 6.55E-01 5.65E-03 3.40E+00 1.67E+01 7.56E-03 2.92E-02 2.06E-02 7.91E-03 8.57E+02 1.38E-02 3.40E+00 8.22E-02 2.25E-02 5.65E-03 1.67E+01 6.55E-01 8.48E+02 7.56E-03 2.92E-02 2.06E-02 7.91E-03 8.57E+02
Single Unit Short-haul Truck 1.98E-03 6.86E-03 1.32E-02 5.49E-02 7.93E-03 1.07E-01 5.78E-03 3.69E-01 2.88E+00 1.14E-03 3.65E-03 3.36E-03 1.18E-03 8.68E+02 7.02E-03 3.69E-01 7.60E-02 1.59E-02 5.78E-03 2.88E+00 1.07E-01 8.67E+02 1.14E-03 3.65E-03 3.36E-03 1.18E-03 8.68E+02
Transit Bus 3.94E-03 1.42E-02 2.63E-02 1.14E-01 2.02E-02 2.54E-01 7.39E-03 5.81E-01 4.38E+00 2.49E-03 4.15E-03 7.62E-03 2.67E-03 1.11E+03 1.79E-02 5.81E-01 1.60E-01 3.60E-02 7.39E-03 4.38E+00 2.54E-01 1.11E+03 2.49E-03 4.15E-03 7.62E-03 2.67E-03 1.11E+03
Motor Home 2.18E-03 7.97E-03 1.45E-02 6.37E-02 1.10E-02 2.03E-01 5.93E-03 6.24E-01 5.09E+00 1.77E-03 5.35E-03 5.97E-03 2.10E-03 8.92E+02 9.75E-03 6.24E-01 8.93E-02 1.99E-02 5.93E-03 5.09E+00 2.03E-01 8.90E+02 1.77E-03 5.35E-03 5.97E-03 2.10E-03 8.92E+02
Refuse Truck 1.87E-03 4.06E-03 1.24E-02 3.25E-02 3.03E-02 2.98E-01 9.77E-03 8.27E-01 5.33E+00 2.52E-03 7.14E-03 7.29E-03 2.60E-03 1.47E+03 2.68E-02 8.27E-01 7.52E-02 3.27E-02 9.77E-03 5.33E+00 2.98E-01 1.47E+03 2.52E-03 7.14E-03 7.29E-03 2.60E-03 1.47E+03
Light Commercial Truck 1.37E-03 4.16E-03 9.15E-03 3.32E-02 3.74E-03 1.64E-02 1.89E-03 8.49E-02 1.43E+00 1.98E-03 1.31E-03 5.90E-04 2.12E-04 2.85E+02 3.31E-03 8.49E-02 4.61E-02 8.84E-03 1.89E-03 1.43E+00 1.64E-02 2.84E+02 1.98E-03 1.31E-03 5.90E-04 2.12E-04 2.85E+02

Compressed Natural Gas (CNG) Transit Bus 2.68E-03 9.18E-03 1.79E-02 7.34E-02 7.51E-03 1.86E-01 5.81E-03 1.63E+00 5.22E+00 3.02E+00 4.17E-02 4.09E-04 4.84E-02 1.18E+03 6.64E-03 1.63E+00 9.88E-02 1.85E-02 5.81E-03 5.22E+00 1.86E-01 1.10E+03 3.02E+00 4.17E-02 4.09E-04 4.84E-02 1.18E+03
Ethanol (E-85) Passenger Car 1.34E-03 2.50E-03 8.94E-03 2.00E-02 1.61E-03 1.11E-02 1.60E-03 3.16E-02 7.34E-01 2.38E-03 9.85E-04 1.97E-04 2.21E-04 2.09E+02 1.42E-03 3.16E-02 3.06E-02 5.27E-03 1.60E-03 7.34E-01 1.11E-02 2.08E+02 2.38E-03 9.85E-04 1.97E-04 2.21E-04 2.09E+02

Passenger Truck 1.34E-03 4.15E-03 8.94E-03 3.32E-02 2.11E-03 1.63E-02 2.09E-03 5.36E-02 9.41E-01 3.44E-03 1.10E-03 3.02E-04 3.48E-04 2.72E+02 1.86E-03 5.36E-02 4.42E-02 7.35E-03 2.09E-03 9.41E-01 1.63E-02 2.72E+02 3.44E-03 1.10E-03 3.02E-04 3.48E-04 2.72E+02
Light Commercial Truck 1.34E-03 4.17E-03 8.94E-03 3.34E-02 2.07E-03 1.58E-02 2.07E-03 5.12E-02 9.02E-01 3.28E-03 1.10E-03 2.89E-04 3.32E-04 2.69E+02 1.83E-03 5.12E-02 4.44E-02 7.34E-03 2.07E-03 9.02E-01 1.58E-02 2.68E+02 3.28E-03 1.10E-03 2.89E-04 3.32E-04 2.69E+02

Urban Restricted Access 2028 Diesel Fuel Combination Long-haul Truck 4.70E-03 1.53E-02 3.13E-02 1.22E-01 7.27E-02 1.08E-01 1.38E-02 2.14E+00 5.14E-01 4.25E-02 1.92E-03 8.46E-04 1.19E-02 1.60E+03 6.69E-02 2.14E+00 2.26E-01 8.68E-02 1.38E-02 5.14E-01 1.08E-01 1.60E+03 4.25E-02 1.92E-03 8.46E-04 1.19E-02 1.60E+03
Combination Short-haul Truck 4.20E-03 1.38E-02 2.80E-02 1.11E-01 4.21E-02 8.25E-02 1.33E-02 1.59E+00 4.07E-01 4.31E-02 1.92E-03 6.64E-04 1.02E-02 1.55E+03 3.88E-02 1.59E+00 1.81E-01 5.68E-02 1.33E-02 4.07E-01 8.25E-02 1.55E+03 4.31E-02 1.92E-03 6.64E-04 1.02E-02 1.55E+03
Intercity Bus 3.71E-03 1.26E-02 2.48E-02 1.01E-01 1.21E-01 1.89E-01 1.38E-02 3.16E+00 8.38E-01 3.81E-02 1.83E-03 1.46E-03 1.77E-02 1.59E+03 1.11E-01 3.16E+00 2.46E-01 1.27E-01 1.38E-02 8.38E-01 1.89E-01 1.59E+03 3.81E-02 1.83E-03 1.46E-03 1.77E-02 1.59E+03
Passenger Car 1.24E-03 1.98E-03 8.25E-03 1.58E-02 3.16E-03 9.68E-03 1.81E-03 5.00E-02 1.30E+00 8.31E-03 3.71E-04 1.02E-04 1.70E-03 2.11E+02 2.91E-03 5.00E-02 2.73E-02 6.13E-03 1.81E-03 1.30E+00 9.68E-03 2.11E+02 8.31E-03 3.71E-04 1.02E-04 1.70E-03 2.11E+02
Passenger Truck 1.55E-03 2.99E-03 1.03E-02 2.39E-02 1.15E-02 3.74E-02 4.37E-03 3.42E-01 8.06E-01 2.43E-02 1.41E-03 3.75E-04 5.74E-03 5.08E+02 1.06E-02 3.42E-01 4.58E-02 1.52E-02 4.37E-03 8.06E-01 3.74E-02 5.07E+02 2.43E-02 1.41E-03 3.75E-04 5.74E-03 5.08E+02
School Bus 2.25E-03 9.21E-03 1.50E-02 7.37E-02 7.97E-02 2.13E-01 9.08E-03 2.06E+00 7.47E-01 4.08E-02 1.83E-03 1.73E-03 2.06E-02 1.05E+03 7.33E-02 2.06E+00 1.68E-01 8.48E-02 9.08E-03 7.47E-01 2.13E-01 1.04E+03 4.08E-02 1.83E-03 1.73E-03 2.06E-02 1.05E+03
Single Unit Long-haul Truck 2.65E-03 9.55E-03 1.77E-02 7.64E-02 2.29E-02 6.91E-02 7.68E-03 8.15E-01 3.42E-01 4.27E-02 1.83E-03 6.54E-04 1.00E-02 8.94E+02 2.11E-02 8.15E-01 1.17E-01 3.33E-02 7.68E-03 3.42E-01 6.91E-02 8.92E+02 4.27E-02 1.83E-03 6.54E-04 1.00E-02 8.94E+02
Single Unit Short-haul Truck 2.37E-03 8.29E-03 1.58E-02 6.63E-02 2.32E-02 6.85E-02 8.11E-03 8.53E-01 3.49E-01 4.28E-02 1.83E-03 6.55E-04 1.01E-02 9.43E+02 2.13E-02 8.53E-01 1.05E-01 3.20E-02 8.11E-03 3.49E-01 6.85E-02 9.42E+02 4.28E-02 1.83E-03 6.55E-04 1.01E-02 9.43E+02
Transit Bus 2.47E-03 8.10E-03 1.65E-02 6.48E-02 8.99E-02 1.51E-01 1.25E-02 2.43E+00 7.73E-01 4.10E-02 1.83E-03 1.19E-03 1.53E-02 1.44E+03 8.27E-02 2.43E+00 1.71E-01 9.33E-02 1.25E-02 7.73E-01 1.51E-01 1.44E+03 4.10E-02 1.83E-03 1.19E-03 1.53E-02 1.44E+03
Motor Home 2.01E-03 6.71E-03 1.34E-02 5.37E-02 4.96E-02 1.39E-01 8.84E-03 1.42E+00 5.42E-01 4.25E-02 1.83E-03 1.16E-03 1.50E-02 1.02E+03 4.57E-02 1.42E+00 1.17E-01 5.44E-02 8.84E-03 5.42E-01 1.39E-01 1.02E+03 4.25E-02 1.83E-03 1.16E-03 1.50E-02 1.02E+03
Refuse Truck 4.54E-03 1.40E-02 3.03E-02 1.12E-01 4.31E-02 7.69E-02 1.38E-02 1.57E+00 3.71E-01 4.11E-02 1.83E-03 6.01E-04 9.38E-03 1.60E+03 3.97E-02 1.57E+00 1.86E-01 5.83E-02 1.38E-02 3.71E-01 7.69E-02 1.60E+03 4.11E-02 1.83E-03 6.01E-04 9.38E-03 1.60E+03
Light Commercial Truck 1.50E-03 3.10E-03 9.99E-03 2.48E-02 1.13E-02 3.75E-02 3.95E-03 3.11E-01 9.10E-01 2.17E-02 1.26E-03 3.67E-04 5.44E-03 4.58E+02 1.04E-02 3.11E-01 4.61E-02 1.50E-02 3.95E-03 9.10E-01 3.75E-02 4.57E+02 2.17E-02 1.26E-03 3.67E-04 5.44E-03 4.58E+02

Gasoline Combination Short-haul Truck 4.81E-03 1.56E-02 3.21E-02 1.25E-01 1.28E-01 8.80E-01 1.07E-02 3.07E+00 2.50E+01 9.09E-03 1.37E-02 3.32E-02 1.20E-02 1.61E+03 1.13E-01 3.07E+00 2.85E-01 1.33E-01 1.07E-02 2.50E+01 8.80E-01 1.60E+03 9.09E-03 1.37E-02 3.32E-02 1.20E-02 1.61E+03
Motorcycle 6.19E-04 1.61E-04 4.13E-03 1.29E-03 3.32E-02 5.21E-01 2.54E-03 7.97E-01 1.16E+01 2.56E-02 1.88E-03 2.27E-02 8.19E-03 3.82E+02 2.94E-02 7.97E-01 3.86E-02 3.01E-02 2.54E-03 1.16E+01 5.21E-01 3.81E+02 2.56E-02 1.88E-03 2.27E-02 8.19E-03 3.82E+02
Passenger Car 1.24E-03 1.98E-03 8.25E-03 1.58E-02 3.11E-03 1.07E-02 1.42E-03 4.65E-02 1.34E+00 1.73E-03 8.77E-04 3.86E-04 1.38E-04 2.13E+02 2.76E-03 4.65E-02 2.72E-02 5.97E-03 1.42E-03 1.34E+00 1.07E-02 2.13E+02 1.73E-03 8.77E-04 3.86E-04 1.38E-04 2.13E+02
Passenger Truck 1.25E-03 3.16E-03 8.31E-03 2.53E-02 4.95E-03 1.98E-02 1.91E-03 9.80E-02 1.93E+00 2.54E-03 1.07E-03 7.44E-04 2.68E-04 2.87E+02 4.38E-03 9.80E-02 3.85E-02 8.79E-03 1.91E-03 1.93E+00 1.98E-02 2.87E+02 2.54E-03 1.07E-03 7.44E-04 2.68E-04 2.87E+02
School Bus 2.25E-03 9.19E-03 1.50E-02 7.36E-02 3.73E-02 2.69E-01 6.96E-03 8.39E-01 6.40E+00 2.51E-03 5.43E-03 8.29E-03 2.93E-03 1.05E+03 3.30E-02 8.39E-01 1.26E-01 4.44E-02 6.96E-03 6.40E+00 2.69E-01 1.05E+03 2.51E-03 5.43E-03 8.29E-03 2.93E-03 1.05E+03
Single Unit Long-haul Truck 1.82E-03 5.71E-03 1.21E-02 4.56E-02 1.88E-01 7.61E-01 6.46E-03 3.79E+00 1.80E+01 8.80E-03 2.60E-02 2.40E-02 9.21E-03 9.78E+02 1.67E-01 3.79E+00 2.46E-01 1.74E-01 6.46E-03 1.80E+01 7.61E-01 9.70E+02 8.80E-03 2.60E-02 2.40E-02 9.21E-03 9.78E+02
Single Unit Short-haul Truck 1.82E-03 5.84E-03 1.22E-02 4.67E-02 2.31E-02 1.21E-01 6.47E-03 4.13E-01 3.12E+00 1.32E-03 3.25E-03 3.84E-03 1.35E-03 9.72E+02 2.05E-02 4.13E-01 8.20E-02 2.81E-02 6.47E-03 3.12E+00 1.21E-01 9.71E+02 1.32E-03 3.25E-03 3.84E-03 1.35E-03 9.72E+02
Transit Bus 3.64E-03 1.26E-02 2.42E-02 1.01E-01 3.43E-02 2.69E-01 9.25E-03 7.53E-01 5.62E+00 2.40E-03 3.69E-03 7.32E-03 2.53E-03 1.39E+03 3.03E-02 7.53E-01 1.59E-01 4.66E-02 9.25E-03 5.62E+00 2.69E-01 1.39E+03 2.40E-03 3.69E-03 7.32E-03 2.53E-03 1.39E+03
Motor Home 2.01E-03 6.71E-03 1.34E-02 5.37E-02 4.08E-02 2.37E-01 6.86E-03 7.08E-01 5.55E+00 2.09E-03 4.76E-03 7.01E-03 2.46E-03 1.03E+03 3.61E-02 7.08E-01 1.08E-01 4.48E-02 6.86E-03 5.55E+00 2.37E-01 1.03E+03 2.09E-03 4.76E-03 7.01E-03 2.46E-03 1.03E+03
Refuse Truck 1.72E-03 3.41E-03 1.15E-02 2.73E-02 5.45E-02 3.04E-01 1.01E-02 8.64E-01 5.29E+00 2.54E-03 6.35E-03 7.34E-03 2.62E-03 1.53E+03 4.82E-02 8.64E-01 9.33E-02 5.33E-02 1.01E-02 5.29E+00 3.04E-01 1.52E+03 2.54E-03 6.35E-03 7.34E-03 2.62E-03 1.53E+03
Light Commercial Truck 1.27E-03 3.24E-03 8.44E-03 2.59E-02 4.67E-03 1.86E-02 1.90E-03 9.87E-02 1.82E+00 2.39E-03 1.16E-03 6.94E-04 2.49E-04 2.86E+02 4.14E-03 9.87E-02 3.90E-02 8.64E-03 1.90E-03 1.82E+00 1.86E-02 2.86E+02 2.39E-03 1.16E-03 6.94E-04 2.49E-04 2.86E+02

Compressed Natural Gas (CNG) Transit Bus 2.47E-03 8.10E-03 1.65E-02 6.48E-02 1.17E-02 1.87E-01 7.27E-03 2.12E+00 6.70E+00 2.93E+00 3.70E-02 4.02E-04 5.12E-02 1.46E+03 1.04E-02 2.12E+00 9.30E-02 2.09E-02 7.27E-03 6.70E+00 1.87E-01 1.37E+03 2.93E+00 3.70E-02 4.02E-04 5.12E-02 1.46E+03
Ethanol (E-85) Passenger Car 1.24E-03 1.98E-03 8.25E-03 1.58E-02 1.95E-03 1.26E-02 1.63E-03 3.85E-02 1.02E+00 2.92E-03 8.76E-04 2.37E-04 2.72E-04 2.11E+02 1.72E-03 3.85E-02 2.60E-02 4.94E-03 1.63E-03 1.02E+00 1.26E-02 2.11E+02 2.92E-03 8.76E-04 2.37E-04 2.72E-04 2.11E+02

Passenger Truck 1.24E-03 3.16E-03 8.25E-03 2.53E-02 2.84E-03 1.97E-02 2.13E-03 6.82E-02 1.35E+00 4.49E-03 9.81E-04 3.86E-04 4.55E-04 2.78E+02 2.51E-03 6.82E-02 3.64E-02 6.91E-03 2.13E-03 1.35E+00 1.97E-02 2.77E+02 4.49E-03 9.81E-04 3.86E-04 4.55E-04 2.78E+02
Light Commercial Truck 1.24E-03 3.25E-03 8.25E-03 2.60E-02 2.55E-03 1.81E-02 2.08E-03 6.22E-02 1.20E+00 4.04E-03 9.81E-04 3.49E-04 4.09E-04 2.70E+02 2.26E-03 6.22E-02 3.68E-02 6.75E-03 2.08E-03 1.20E+00 1.81E-02 2.70E+02 4.04E-03 9.81E-04 3.49E-04 4.09E-04 2.70E+02

Urban Unrestricted Acces 2028 Diesel Fuel Combination Long-haul Truck 5.58E-03 2.90E-02 3.72E-02 2.32E-01 9.19E-02 1.39E-01 1.51E-02 2.42E+00 6.30E-01 5.82E-02 2.77E-03 1.14E-03 1.62E-02 1.75E+03 8.45E-02 2.42E+00 3.61E-01 1.19E-01 1.51E-02 6.30E-01 1.39E-01 1.75E+03 5.82E-02 2.77E-03 1.14E-03 1.62E-02 1.75E+03
Combination Short-haul Truck 4.98E-03 2.61E-02 3.32E-02 2.09E-01 5.25E-02 1.05E-01 1.44E-02 1.78E+00 4.99E-01 5.91E-02 2.77E-03 8.99E-04 1.38E-02 1.68E+03 4.83E-02 1.78E+00 2.94E-01 7.94E-02 1.44E-02 4.99E-01 1.05E-01 1.68E+03 5.91E-02 2.77E-03 8.99E-04 1.38E-02 1.68E+03
Intercity Bus 4.60E-03 2.54E-02 3.07E-02 2.03E-01 1.56E-01 2.50E-01 1.45E-02 3.40E+00 1.04E+00 5.40E-02 2.77E-03 2.00E-03 2.44E-02 1.67E+03 1.43E-01 3.40E+00 3.90E-01 1.73E-01 1.45E-02 1.04E+00 2.50E-01 1.67E+03 5.40E-02 2.77E-03 2.00E-03 2.44E-02 1.67E+03
Passenger Car 1.53E-03 4.06E-03 1.02E-02 3.25E-02 2.76E-03 8.08E-03 1.95E-03 3.60E-02 9.75E-01 6.47E-03 5.63E-04 7.96E-05 1.33E-03 2.27E+02 2.54E-03 3.60E-02 4.54E-02 8.13E-03 1.95E-03 9.75E-01 8.08E-03 2.27E+02 6.47E-03 5.63E-04 7.96E-05 1.33E-03 2.27E+02
Passenger Truck 1.92E-03 6.42E-03 1.28E-02 5.14E-02 1.27E-02 4.46E-02 4.68E-03 3.93E-01 6.93E-01 2.90E-02 2.13E-03 4.51E-04 6.89E-03 5.44E+02 1.16E-02 3.93E-01 7.69E-02 2.00E-02 4.68E-03 6.93E-01 4.46E-02 5.43E+02 2.90E-02 2.13E-03 4.51E-04 6.89E-03 5.44E+02
School Bus 2.79E-03 1.46E-02 1.86E-02 1.17E-01 8.39E-02 2.24E-01 7.21E-03 1.71E+00 6.63E-01 4.31E-02 2.77E-03 1.85E-03 2.20E-02 8.30E+02 7.72E-02 1.71E+00 2.20E-01 9.46E-02 7.21E-03 6.63E-01 2.24E-01 8.28E+02 4.31E-02 2.77E-03 1.85E-03 2.20E-02 8.30E+02
Single Unit Long-haul Truck 3.29E-03 1.79E-02 2.19E-02 1.43E-01 2.71E-02 9.27E-02 8.36E-03 9.41E-01 4.27E-01 5.98E-02 2.77E-03 9.12E-04 1.40E-02 9.73E+02 2.50E-02 9.41E-01 1.92E-01 4.61E-02 8.36E-03 4.27E-01 9.27E-02 9.71E+02 5.98E-02 2.77E-03 9.12E-04 1.40E-02 9.73E+02
Single Unit Short-haul Truck 2.93E-03 1.55E-02 1.96E-02 1.24E-01 2.79E-02 9.24E-02 8.86E-03 9.82E-01 4.38E-01 6.01E-02 2.77E-03 9.16E-04 1.41E-02 1.03E+03 2.57E-02 9.82E-01 1.71E-01 4.41E-02 8.86E-03 4.38E-01 9.24E-02 1.03E+03 6.01E-02 2.77E-03 9.16E-04 1.41E-02 1.03E+03
Transit Bus 3.07E-03 1.43E-02 2.04E-02 1.15E-01 9.31E-02 1.49E-01 9.47E-03 2.04E+00 6.74E-01 4.43E-02 2.77E-03 1.24E-03 1.60E-02 1.10E+03 8.57E-02 2.04E+00 2.28E-01 1.03E-01 9.47E-03 6.74E-01 1.49E-01 1.09E+03 4.43E-02 2.77E-03 1.24E-03 1.60E-02 1.10E+03
Motor Home 2.49E-03 1.24E-02 1.66E-02 9.90E-02 6.02E-02 1.87E-01 9.06E-03 1.53E+00 6.77E-01 5.98E-02 2.77E-03 1.62E-03 2.10E-02 1.05E+03 5.54E-02 1.53E+00 1.76E-01 7.03E-02 9.06E-03 6.77E-01 1.87E-01 1.05E+03 5.98E-02 2.77E-03 1.62E-03 2.10E-02 1.05E+03
Refuse Truck 5.63E-03 2.76E-02 3.75E-02 2.21E-01 5.35E-02 9.81E-02 1.44E-02 1.73E+00 4.64E-01 5.76E-02 2.77E-03 8.37E-04 1.31E-02 1.67E+03 4.93E-02 1.73E+00 3.12E-01 8.25E-02 1.44E-02 4.64E-01 9.81E-02 1.67E+03 5.76E-02 2.77E-03 8.37E-04 1.31E-02 1.67E+03
Light Commercial Truck 1.86E-03 6.52E-03 1.24E-02 5.21E-02 1.24E-02 4.46E-02 4.29E-03 3.56E-01 8.04E-01 2.53E-02 1.91E-03 4.37E-04 6.44E-03 4.98E+02 1.14E-02 3.56E-01 7.69E-02 1.98E-02 4.29E-03 8.04E-01 4.46E-02 4.97E+02 2.53E-02 1.91E-03 4.37E-04 6.44E-03 4.98E+02

Gasoline Combination Short-haul Truck 5.71E-03 2.95E-02 3.80E-02 2.36E-01 7.82E-02 1.21E+00 1.16E-02 3.20E+00 3.06E+01 1.29E-02 1.98E-02 4.71E-02 1.71E-02 1.74E+03 6.92E-02 3.20E+00 3.52E-01 1.04E-01 1.16E-02 3.06E+01 1.21E+00 1.74E+03 1.29E-02 1.98E-02 4.71E-02 1.71E-02 1.74E+03
Motorcycle 7.67E-04 3.57E-04 5.11E-03 2.86E-03 2.17E-02 5.99E-01 2.36E-03 6.70E-01 1.09E+01 2.98E-02 2.85E-03 2.64E-02 9.54E-03 3.57E+02 1.92E-02 6.70E-01 2.97E-02 2.04E-02 2.36E-03 1.09E+01 5.99E-01 3.55E+02 2.98E-02 2.85E-03 2.64E-02 9.54E-03 3.57E+02
Passenger Car 1.53E-03 4.06E-03 1.02E-02 3.25E-02 2.70E-03 9.15E-03 1.52E-03 3.35E-02 1.01E+00 1.35E-03 1.33E-03 3.08E-04 1.09E-04 2.29E+02 2.39E-03 3.35E-02 4.54E-02 7.98E-03 1.52E-03 1.01E+00 9.15E-03 2.29E+02 1.35E-03 1.33E-03 3.08E-04 1.09E-04 2.29E+02
Passenger Truck 1.54E-03 6.75E-03 1.03E-02 5.40E-02 3.62E-03 1.61E-02 2.01E-03 6.97E-02 1.39E+00 1.82E-03 1.62E-03 5.64E-04 2.03E-04 3.02E+02 3.20E-03 6.97E-02 6.79E-02 1.15E-02 2.01E-03 1.39E+00 1.61E-02 3.02E+02 1.82E-03 1.62E-03 5.64E-04 2.03E-04 3.02E+02
School Bus 2.79E-03 1.46E-02 1.86E-02 1.17E-01 8.42E-03 2.96E-01 5.23E-03 5.28E-01 4.68E+00 3.15E-03 8.23E-03 1.04E-02 3.73E-03 7.88E+02 7.45E-03 5.28E-01 1.44E-01 2.48E-02 5.23E-03 4.68E+00 2.96E-01 7.85E+02 3.15E-03 8.23E-03 1.04E-02 3.73E-03 7.88E+02
Single Unit Long-haul Truck 2.26E-03 1.02E-02 1.51E-02 8.19E-02 1.36E-02 9.53E-01 6.36E-03 3.47E+00 1.95E+01 1.13E-02 3.94E-02 3.07E-02 1.18E-02 9.67E+02 1.20E-02 3.47E+00 1.11E-01 2.45E-02 6.36E-03 1.95E+01 9.53E-01 9.55E+02 1.13E-02 3.94E-02 3.07E-02 1.18E-02 9.67E+02
Single Unit Short-haul Truck 2.26E-03 1.06E-02 1.51E-02 8.46E-02 7.13E-03 1.46E-01 6.54E-03 3.83E-01 3.40E+00 1.68E-03 4.93E-03 4.96E-03 1.76E-03 9.84E+02 6.31E-03 3.83E-01 1.07E-01 1.91E-02 6.54E-03 3.40E+00 1.46E-01 9.82E+02 1.68E-03 4.93E-03 4.96E-03 1.76E-03 9.84E+02
Transit Bus 4.51E-03 2.21E-02 3.00E-02 1.77E-01 1.90E-02 3.16E-01 7.43E-03 5.51E-01 4.65E+00 3.42E-03 5.59E-03 1.04E-02 3.69E-03 1.12E+03 1.68E-02 5.51E-01 2.26E-01 4.34E-02 7.43E-03 4.65E+00 3.16E-01 1.12E+03 3.42E-03 5.59E-03 1.04E-02 3.69E-03 1.12E+03
Motor Home 2.49E-03 1.24E-02 1.66E-02 9.90E-02 9.41E-03 2.73E-01 6.58E-03 6.38E-01 5.99E+00 2.59E-03 7.22E-03 8.73E-03 3.10E-03 9.91E+02 8.32E-03 6.38E-01 1.25E-01 2.32E-02 6.58E-03 5.99E+00 2.73E-01 9.89E+02 2.59E-03 7.22E-03 8.73E-03 3.10E-03 9.91E+02
Refuse Truck 2.13E-03 6.46E-03 1.42E-02 5.17E-02 3.17E-02 3.92E-01 1.08E-02 8.73E-01 6.38E+00 3.66E-03 9.63E-03 1.05E-02 3.80E-03 1.62E+03 2.80E-02 8.73E-01 9.76E-02 3.66E-02 1.08E-02 6.38E+00 3.92E-01 1.61E+03 3.66E-03 9.63E-03 1.05E-02 3.80E-03 1.62E+03
Light Commercial Truck 1.57E-03 6.76E-03 1.05E-02 5.41E-02 3.73E-03 1.63E-02 2.04E-03 7.50E-02 1.46E+00 1.87E-03 1.76E-03 5.76E-04 2.06E-04 3.07E+02 3.30E-03 7.50E-02 6.83E-02 1.16E-02 2.04E-03 1.46E+00 1.63E-02 3.06E+02 1.87E-03 1.76E-03 5.76E-04 2.06E-04 3.07E+02

Compressed Natural Gas (CNG) Transit Bus 3.07E-03 1.43E-02 2.04E-02 1.15E-01 6.32E-03 2.45E-01 5.84E-03 1.54E+00 5.50E+00 4.10E+00 5.62E-02 5.50E-04 6.06E-02 1.22E+03 5.59E-03 1.54E+00 1.42E-01 2.30E-02 5.84E-03 5.50E+00 2.45E-01 1.10E+03 4.10E+00 5.62E-02 5.50E-04 6.06E-02 1.22E+03
Ethanol (E-85) Passenger Car 1.53E-03 4.06E-03 1.02E-02 3.25E-02 1.69E-03 1.12E-02 1.75E-03 2.74E-02 7.72E-01 2.29E-03 1.33E-03 1.93E-04 2.14E-04 2.27E+02 1.50E-03 2.74E-02 4.44E-02 7.09E-03 1.75E-03 7.72E-01 1.12E-02 2.27E+02 2.29E-03 1.33E-03 1.93E-04 2.14E-04 2.27E+02

Passenger Truck 1.53E-03 6.76E-03 1.02E-02 5.41E-02 2.11E-03 1.60E-02 2.25E-03 4.56E-02 9.44E-01 3.18E-03 1.49E-03 2.83E-04 3.21E-04 2.92E+02 1.87E-03 4.56E-02 6.64E-02 1.02E-02 2.25E-03 9.44E-01 1.60E-02 2.92E+02 3.18E-03 1.49E-03 2.83E-04 3.21E-04 2.92E+02
Light Commercial Truck 1.53E-03 6.79E-03 1.02E-02 5.44E-02 2.07E-03 1.55E-02 2.22E-03 4.36E-02 9.16E-01 3.04E-03 1.49E-03 2.72E-04 3.07E-04 2.89E+02 1.83E-03 4.36E-02 6.66E-02 1.02E-02 2.22E-03 9.16E-01 1.55E-02 2.89E+02 3.04E-03 1.49E-03 2.72E-04 3.07E-04 2.89E+02
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0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00



Sum of emisRate Pollutant RateUnit =CO2(eq)-(CH4*25)-(NO2*298) 
PM2.5 Tirewear PM2.5 BrakewearPM10 Tirewear PM10 Brakewear PM10 Total Exh VOC SO2 NOx CO Methane (CH4) N2O Benzene Formaldehyde CO2 Equivalent PM2.5 Total ExhNOx PM10 PM2.5 SO2 CO VOC CO2 Methane (CH4) N2O Benzene Formaldehyde CO2 Equivalent

RoadType yearID FuelType SourceType g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi g/mi
Rural Restricted Access 2038 Diesel Fuel Combination Long-haul Truck 4.39E-03 1.19E-02 2.93E-02 9.53E-02 2.82E-02 6.16E-02 1.35E-02 1.29E+00 3.03E-01 3.96E-02 1.72E-03 4.74E-04 7.98E-03 1.57E+03 2.59E-02 1.29E+00 1.53E-01 4.22E-02 1.35E-02 3.03E-01 6.16E-02 1.57E+03 3.96E-02 1.72E-03 4.74E-04 7.98E-03 1.57E+03

Combination Short-haul Truck 3.92E-03 1.08E-02 2.61E-02 8.64E-02 2.49E-02 6.01E-02 1.32E-02 1.24E+00 3.03E-01 3.95E-02 1.72E-03 4.73E-04 7.97E-03 1.54E+03 2.29E-02 1.24E+00 1.37E-01 3.76E-02 1.32E-02 3.03E-01 6.01E-02 1.53E+03 3.95E-02 1.72E-03 4.73E-04 7.97E-03 1.54E+03
Intercity Bus 3.44E-03 9.98E-03 2.29E-02 7.98E-02 2.49E-02 6.08E-02 1.36E-02 1.22E+00 2.95E-01 3.85E-02 1.63E-03 4.61E-04 7.76E-03 1.58E+03 2.29E-02 1.22E+00 1.28E-01 3.63E-02 1.36E-02 2.95E-01 6.08E-02 1.58E+03 3.85E-02 1.63E-03 4.61E-04 7.76E-03 1.58E+03
Passenger Car 1.15E-03 1.54E-03 7.64E-03 1.24E-02 2.46E-03 5.55E-03 1.51E-03 2.96E-02 9.21E-01 4.47E-03 3.32E-04 5.36E-05 9.03E-04 1.76E+02 2.26E-03 2.96E-02 2.25E-02 4.95E-03 1.51E-03 9.21E-01 5.55E-03 1.76E+02 4.47E-03 3.32E-04 5.36E-05 9.03E-04 1.76E+02
Passenger Truck 1.44E-03 2.32E-03 9.59E-03 1.86E-02 7.82E-03 2.32E-02 4.13E-03 1.91E-01 5.48E-01 2.09E-02 1.26E-03 2.50E-04 4.22E-03 4.82E+02 7.19E-03 1.91E-01 3.60E-02 1.10E-02 4.13E-03 5.48E-01 2.32E-02 4.81E+02 2.09E-02 1.26E-03 2.50E-04 4.22E-03 4.82E+02
School Bus 2.09E-03 7.47E-03 1.39E-02 5.97E-02 1.39E-02 5.37E-02 8.84E-03 9.61E-01 2.91E-01 4.03E-02 1.63E-03 4.82E-04 8.13E-03 1.03E+03 1.28E-02 9.61E-01 8.76E-02 2.24E-02 8.84E-03 2.91E-01 5.37E-02 1.03E+03 4.03E-02 1.63E-03 4.82E-04 8.13E-03 1.03E+03
Single Unit Long-haul Truck 2.46E-03 7.90E-03 1.64E-02 6.32E-02 1.36E-02 4.70E-02 7.36E-03 6.31E-01 2.69E-01 3.91E-02 1.63E-03 4.68E-04 7.89E-03 8.57E+02 1.26E-02 6.31E-01 9.33E-02 2.29E-02 7.36E-03 2.69E-01 4.70E-02 8.56E+02 3.91E-02 1.63E-03 4.68E-04 7.89E-03 8.57E+02
Single Unit Short-haul Truck 2.19E-03 6.82E-03 1.46E-02 5.46E-02 1.34E-02 4.65E-02 7.83E-03 6.46E-01 2.74E-01 3.91E-02 1.63E-03 4.68E-04 7.89E-03 9.12E+02 1.24E-02 6.46E-01 8.26E-02 2.14E-02 7.83E-03 2.74E-01 4.65E-02 9.11E+02 3.91E-02 1.63E-03 4.68E-04 7.89E-03 9.12E+02
Transit Bus 2.29E-03 6.42E-03 1.53E-02 5.13E-02 2.41E-02 5.86E-02 1.23E-02 1.29E+00 2.95E-01 3.85E-02 1.63E-03 4.61E-04 7.77E-03 1.44E+03 2.22E-02 1.29E+00 9.07E-02 3.09E-02 1.23E-02 2.95E-01 5.86E-02 1.43E+03 3.85E-02 1.63E-03 4.61E-04 7.77E-03 1.44E+03
Motor Home 1.86E-03 5.48E-03 1.24E-02 4.38E-02 1.35E-02 5.32E-02 8.68E-03 7.84E-01 2.88E-01 4.01E-02 1.63E-03 4.80E-04 8.08E-03 1.01E+03 1.25E-02 7.84E-01 6.98E-02 1.98E-02 8.68E-03 2.88E-01 5.32E-02 1.01E+03 4.01E-02 1.63E-03 4.80E-04 8.08E-03 1.01E+03
Refuse Truck 4.21E-03 1.10E-02 2.80E-02 8.80E-02 2.81E-02 5.95E-02 1.38E-02 1.29E+00 2.89E-01 3.74E-02 1.63E-03 4.47E-04 7.53E-03 1.61E+03 2.59E-02 1.29E+00 1.44E-01 4.11E-02 1.38E-02 2.89E-01 5.95E-02 1.61E+03 3.74E-02 1.63E-03 4.47E-04 7.53E-03 1.61E+03
Light Commercial Truck 1.39E-03 2.42E-03 9.25E-03 1.94E-02 6.89E-03 2.03E-02 3.67E-03 1.61E-01 6.10E-01 1.82E-02 1.13E-03 2.18E-04 3.67E-03 4.27E+02 6.34E-03 1.61E-01 3.55E-02 1.01E-02 3.67E-03 6.10E-01 2.03E-02 4.27E+02 1.82E-02 1.13E-03 2.18E-04 3.67E-03 4.27E+02

Gasoline Motorcycle 5.73E-04 1.24E-04 3.82E-03 9.92E-04 3.22E-02 4.78E-01 2.59E-03 8.05E-01 1.11E+01 2.46E-02 1.68E-03 2.08E-02 7.57E-03 3.88E+02 2.85E-02 8.05E-01 3.70E-02 2.92E-02 2.59E-03 1.11E+01 4.78E-01 3.87E+02 2.46E-02 1.68E-03 2.08E-02 7.57E-03 3.88E+02
Passenger Car 1.15E-03 1.54E-03 7.64E-03 1.24E-02 2.28E-03 6.88E-03 1.18E-03 3.24E-02 9.11E-01 1.23E-03 7.86E-04 2.32E-04 8.29E-05 1.77E+02 2.02E-03 3.24E-02 2.23E-02 4.71E-03 1.18E-03 9.11E-01 6.88E-03 1.77E+02 1.23E-03 7.86E-04 2.32E-04 8.29E-05 1.77E+02
Passenger Truck 1.15E-03 2.45E-03 7.70E-03 1.96E-02 3.73E-03 1.05E-02 1.64E-03 5.12E-02 1.24E+00 1.57E-03 8.97E-04 3.69E-04 1.32E-04 2.45E+02 3.30E-03 5.12E-02 3.10E-02 6.91E-03 1.64E-03 1.24E+00 1.05E-02 2.45E+02 1.57E-03 8.97E-04 3.69E-04 1.32E-04 2.45E+02
School Bus 2.08E-03 7.45E-03 1.39E-02 5.96E-02 3.06E-02 1.86E-01 6.83E-03 5.32E-01 3.99E+00 1.47E-03 2.77E-03 4.90E-03 1.70E-03 1.02E+03 2.71E-02 5.32E-01 1.04E-01 3.66E-02 6.83E-03 3.99E+00 1.86E-01 1.02E+03 1.47E-03 2.77E-03 4.90E-03 1.70E-03 1.02E+03
Single Unit Short-haul Truck 1.69E-03 4.86E-03 1.13E-02 3.89E-02 2.27E-02 9.54E-02 6.26E-03 3.33E-01 2.33E+00 9.98E-04 2.66E-03 2.75E-03 9.63E-04 9.38E+02 2.01E-02 3.33E-01 7.28E-02 2.66E-02 6.26E-03 2.33E+00 9.54E-02 9.38E+02 9.98E-04 2.66E-03 2.75E-03 9.63E-04 9.38E+02
Transit Bus 3.37E-03 1.00E-02 2.25E-02 8.02E-02 3.54E-02 2.35E-01 9.21E-03 6.68E-01 4.74E+00 1.91E-03 2.70E-03 5.87E-03 2.02E-03 1.38E+03 3.13E-02 6.68E-01 1.38E-01 4.47E-02 9.21E-03 4.74E+00 2.35E-01 1.38E+03 1.91E-03 2.70E-03 5.87E-03 2.02E-03 1.38E+03
Motor Home 1.86E-03 5.48E-03 1.24E-02 4.38E-02 3.19E-02 1.64E-01 6.74E-03 4.26E-01 3.22E+00 1.19E-03 2.70E-03 3.92E-03 1.35E-03 1.01E+03 2.82E-02 4.26E-01 8.82E-02 3.56E-02 6.74E-03 3.22E+00 1.64E-01 1.01E+03 1.19E-03 2.70E-03 3.92E-03 1.35E-03 1.01E+03
Refuse Truck 1.58E-03 2.54E-03 1.05E-02 2.03E-02 3.51E-02 1.62E-01 1.00E-02 1.55E-01 1.27E+00 6.43E-04 2.66E-03 2.09E-03 6.28E-04 1.50E+03 3.10E-02 1.55E-01 6.59E-02 3.51E-02 1.00E-02 1.27E+00 1.62E-01 1.50E+03 6.43E-04 2.66E-03 2.09E-03 6.28E-04 1.50E+03
Light Commercial Truck 1.17E-03 2.52E-03 7.82E-03 2.02E-02 3.69E-03 1.03E-02 1.64E-03 5.23E-02 1.16E+00 1.54E-03 9.70E-04 3.56E-04 1.27E-04 2.47E+02 3.26E-03 5.23E-02 3.17E-02 6.96E-03 1.64E-03 1.16E+00 1.03E-02 2.46E+02 1.54E-03 9.70E-04 3.56E-04 1.27E-04 2.47E+02

Compressed Natural Gas (CNG) Transit Bus 2.29E-03 6.42E-03 1.53E-02 5.13E-02 3.40E-03 1.03E-01 7.26E-03 1.62E+00 6.19E+00 2.13E+00 3.31E-02 2.60E-04 1.67E-02 1.43E+03 3.01E-03 1.62E+00 7.00E-02 1.17E-02 7.26E-03 6.19E+00 1.03E-01 1.37E+03 2.13E+00 3.31E-02 2.60E-04 1.67E-02 1.43E+03
Ethanol (E-85) Passenger Car 1.15E-03 1.54E-03 7.64E-03 1.24E-02 1.43E-03 8.64E-03 1.35E-03 2.79E-02 6.97E-01 2.08E-03 7.86E-04 1.50E-04 1.65E-04 1.75E+02 1.26E-03 2.79E-02 2.14E-02 3.95E-03 1.35E-03 6.97E-01 8.64E-03 1.75E+02 2.08E-03 7.86E-04 1.50E-04 1.65E-04 1.75E+02

Passenger Truck 1.15E-03 2.46E-03 7.64E-03 1.96E-02 2.25E-03 1.27E-02 1.84E-03 4.15E-02 9.35E-01 2.79E-03 8.61E-04 2.27E-04 2.55E-04 2.39E+02 1.99E-03 4.15E-02 2.95E-02 5.59E-03 1.84E-03 9.35E-01 1.27E-02 2.39E+02 2.79E-03 8.61E-04 2.27E-04 2.55E-04 2.39E+02
Light Commercial Truck 1.15E-03 2.54E-03 7.64E-03 2.03E-02 2.06E-03 1.19E-02 1.78E-03 3.78E-02 8.39E-01 2.55E-03 8.61E-04 2.09E-04 2.33E-04 2.32E+02 1.82E-03 3.78E-02 3.00E-02 5.50E-03 1.78E-03 8.39E-01 1.19E-02 2.32E+02 2.55E-03 8.61E-04 2.09E-04 2.33E-04 2.32E+02

Rural Unrestricted Acces 2038 Diesel Fuel Combination Long-haul Truck 4.88E-03 1.67E-02 3.26E-02 1.33E-01 3.04E-02 6.80E-02 1.35E-02 1.33E+00 3.40E-01 4.63E-02 2.05E-03 5.54E-04 9.34E-03 1.58E+03 2.80E-02 1.33E+00 1.96E-01 4.95E-02 1.35E-02 3.40E-01 6.80E-02 1.57E+03 4.63E-02 2.05E-03 5.54E-04 9.34E-03 1.58E+03
Combination Short-haul Truck 4.36E-03 1.51E-02 2.91E-02 1.21E-01 2.67E-02 6.63E-02 1.32E-02 1.27E+00 3.39E-01 4.63E-02 2.05E-03 5.54E-04 9.33E-03 1.53E+03 2.46E-02 1.27E+00 1.76E-01 4.40E-02 1.32E-02 3.39E-01 6.63E-02 1.53E+03 4.63E-02 2.05E-03 5.54E-04 9.33E-03 1.53E+03
Intercity Bus 4.03E-03 1.51E-02 2.68E-02 1.21E-01 2.68E-02 6.80E-02 1.30E-02 1.22E+00 3.44E-01 4.73E-02 2.05E-03 5.66E-04 9.53E-03 1.52E+03 2.47E-02 1.22E+00 1.74E-01 4.38E-02 1.30E-02 3.44E-01 6.80E-02 1.52E+03 4.73E-02 2.05E-03 5.66E-04 9.53E-03 1.52E+03
Passenger Car 1.34E-03 2.50E-03 8.94E-03 2.00E-02 1.99E-03 4.41E-03 1.49E-03 1.84E-02 5.76E-01 3.26E-03 4.18E-04 3.90E-05 6.58E-04 1.74E+02 1.83E-03 1.84E-02 3.10E-02 5.68E-03 1.49E-03 5.76E-01 4.41E-03 1.74E+02 3.26E-03 4.18E-04 3.90E-05 6.58E-04 1.74E+02
Passenger Truck 1.68E-03 3.97E-03 1.12E-02 3.17E-02 7.88E-03 2.52E-02 4.12E-03 1.98E-01 4.14E-01 2.30E-02 1.58E-03 2.75E-04 4.64E-03 4.80E+02 7.25E-03 1.98E-01 5.08E-02 1.29E-02 4.12E-03 4.14E-01 2.52E-02 4.79E+02 2.30E-02 1.58E-03 2.75E-04 4.64E-03 4.80E+02
School Bus 2.44E-03 1.00E-02 1.63E-02 8.03E-02 1.31E-02 4.92E-02 6.63E-03 7.67E-01 2.55E-01 3.97E-02 2.05E-03 4.76E-04 8.02E-03 7.73E+02 1.20E-02 7.67E-01 1.10E-01 2.45E-02 6.63E-03 2.55E-01 4.92E-02 7.71E+02 3.97E-02 2.05E-03 4.76E-04 8.02E-03 7.73E+02
Single Unit Long-haul Truck 2.88E-03 1.13E-02 1.92E-02 9.01E-02 1.41E-02 5.42E-02 6.89E-03 6.34E-01 3.09E-01 4.76E-02 2.05E-03 5.70E-04 9.61E-03 8.03E+02 1.30E-02 6.34E-01 1.23E-01 2.71E-02 6.89E-03 3.09E-01 5.42E-02 8.01E+02 4.76E-02 2.05E-03 5.70E-04 9.61E-03 8.03E+02
Single Unit Short-haul Truck 2.56E-03 9.77E-03 1.71E-02 7.82E-02 1.42E-02 5.39E-02 7.37E-03 6.48E-01 3.14E-01 4.77E-02 2.05E-03 5.71E-04 9.63E-03 8.58E+02 1.31E-02 6.48E-01 1.09E-01 2.54E-02 7.37E-03 3.14E-01 5.39E-02 8.56E+02 4.77E-02 2.05E-03 5.71E-04 9.63E-03 8.58E+02
Transit Bus 2.68E-03 9.18E-03 1.79E-02 7.34E-02 2.19E-02 5.32E-02 9.48E-03 1.06E+00 2.63E-01 3.84E-02 2.05E-03 4.60E-04 7.75E-03 1.10E+03 2.01E-02 1.06E+00 1.13E-01 3.20E-02 9.48E-03 2.63E-01 5.32E-02 1.10E+03 3.84E-02 2.05E-03 4.60E-04 7.75E-03 1.10E+03
Motor Home 2.18E-03 7.97E-03 1.45E-02 6.37E-02 1.42E-02 5.97E-02 7.59E-03 7.43E-01 3.27E-01 4.92E-02 2.05E-03 5.89E-04 9.92E-03 8.84E+02 1.30E-02 7.43E-01 9.24E-02 2.32E-02 7.59E-03 3.27E-01 5.97E-02 8.82E+02 4.92E-02 2.05E-03 5.89E-04 9.92E-03 8.84E+02
Refuse Truck 4.92E-03 1.66E-02 3.28E-02 1.33E-01 2.96E-02 6.62E-02 1.32E-02 1.28E+00 3.37E-01 4.58E-02 2.05E-03 5.48E-04 9.24E-03 1.53E+03 2.73E-02 1.28E+00 1.96E-01 4.88E-02 1.32E-02 3.37E-01 6.62E-02 1.53E+03 4.58E-02 2.05E-03 5.48E-04 9.24E-03 1.53E+03
Light Commercial Truck 1.62E-03 4.02E-03 1.08E-02 3.22E-02 6.94E-03 2.18E-02 3.70E-03 1.66E-01 4.59E-01 1.98E-02 1.42E-03 2.37E-04 3.99E-03 4.31E+02 6.39E-03 1.66E-01 5.00E-02 1.20E-02 3.70E-03 4.59E-01 2.18E-02 4.30E+02 1.98E-02 1.42E-03 2.37E-04 3.99E-03 4.31E+02

Gasoline Motorcycle 6.71E-04 2.17E-04 4.47E-03 1.74E-03 2.22E-02 5.02E-01 2.43E-03 7.54E-01 1.07E+01 2.61E-02 2.12E-03 2.20E-02 8.02E-03 3.65E+02 1.97E-02 7.54E-01 2.85E-02 2.06E-02 2.43E-03 1.07E+01 5.02E-01 3.64E+02 2.61E-02 2.12E-03 2.20E-02 8.02E-03 3.65E+02
Passenger Car 1.34E-03 2.50E-03 8.94E-03 2.00E-02 1.85E-03 5.54E-03 1.17E-03 2.01E-02 5.70E-01 8.94E-04 9.88E-04 1.71E-04 6.04E-05 1.75E+02 1.63E-03 2.01E-02 3.08E-02 5.48E-03 1.17E-03 5.70E-01 5.54E-03 1.75E+02 8.94E-04 9.88E-04 1.71E-04 6.04E-05 1.75E+02
Passenger Truck 1.35E-03 4.14E-03 9.01E-03 3.31E-02 2.75E-03 8.01E-03 1.59E-03 3.20E-02 7.69E-01 1.08E-03 1.13E-03 2.54E-04 9.00E-05 2.39E+02 2.44E-03 3.20E-02 4.49E-02 7.93E-03 1.59E-03 7.69E-01 8.01E-03 2.39E+02 1.08E-03 1.13E-03 2.54E-04 9.00E-05 2.39E+02
School Bus 2.44E-03 1.00E-02 1.63E-02 8.01E-02 9.89E-03 1.67E-01 5.09E-03 3.78E-01 3.00E+00 1.48E-03 3.48E-03 4.95E-03 1.74E-03 7.63E+02 8.74E-03 3.78E-01 1.06E-01 2.12E-02 5.09E-03 3.00E+00 1.67E-01 7.62E+02 1.48E-03 3.48E-03 4.95E-03 1.74E-03 7.63E+02
Single Unit Short-haul Truck 1.98E-03 6.86E-03 1.32E-02 5.49E-02 7.93E-03 9.17E-02 5.76E-03 3.02E-01 2.26E+00 9.72E-04 3.34E-03 2.71E-03 9.53E-04 8.64E+02 7.02E-03 3.02E-01 7.60E-02 1.59E-02 5.76E-03 2.26E+00 9.17E-02 8.63E+02 9.72E-04 3.34E-03 2.71E-03 9.53E-04 8.64E+02
Transit Bus 3.94E-03 1.42E-02 2.63E-02 1.14E-01 2.01E-02 2.33E-01 7.34E-03 5.17E-01 3.90E+00 2.21E-03 3.39E-03 6.80E-03 2.39E-03 1.10E+03 1.78E-02 5.17E-01 1.60E-01 3.60E-02 7.34E-03 3.90E+00 2.33E-01 1.10E+03 2.21E-03 3.39E-03 6.80E-03 2.39E-03 1.10E+03
Motor Home 2.18E-03 7.97E-03 1.45E-02 6.37E-02 1.02E-02 1.49E-01 5.86E-03 3.77E-01 3.09E+00 1.11E-03 3.39E-03 3.72E-03 1.28E-03 8.78E+02 9.02E-03 3.77E-01 8.84E-02 1.92E-02 5.86E-03 3.09E+00 1.49E-01 8.77E+02 1.11E-03 3.39E-03 3.72E-03 1.28E-03 8.78E+02
Refuse Truck 1.85E-03 3.81E-03 1.23E-02 3.05E-02 2.19E-02 1.60E-01 9.68E-03 1.33E-01 1.25E+00 6.84E-04 3.34E-03 2.19E-03 6.70E-04 1.45E+03 1.94E-02 1.33E-01 6.48E-02 2.50E-02 9.68E-03 1.25E+00 1.60E-01 1.45E+03 6.84E-04 3.34E-03 2.19E-03 6.70E-04 1.45E+03
Light Commercial Truck 1.37E-03 4.16E-03 9.15E-03 3.32E-02 2.93E-03 8.18E-03 1.63E-03 3.48E-02 7.83E-01 1.12E-03 1.22E-03 2.59E-04 9.19E-05 2.44E+02 2.59E-03 3.48E-02 4.53E-02 8.12E-03 1.63E-03 7.83E-01 8.18E-03 2.44E+02 1.12E-03 1.22E-03 2.59E-04 9.19E-05 2.44E+02

Compressed Natural Gas (CNG) Transit Bus 2.68E-03 9.18E-03 1.79E-02 7.34E-02 2.25E-03 1.21E-01 5.79E-03 1.26E+00 5.08E+00 2.51E+00 4.17E-02 3.07E-04 1.97E-02 1.17E+03 1.99E-03 1.26E+00 9.35E-02 1.38E-02 5.79E-03 5.08E+00 1.21E-01 1.09E+03 2.51E+00 4.17E-02 3.07E-04 1.97E-02 1.17E+03
Ethanol (E-85) Passenger Car 1.34E-03 2.50E-03 8.94E-03 2.00E-02 1.16E-03 7.26E-03 1.33E-03 1.73E-02 4.36E-01 1.51E-03 9.88E-04 1.14E-04 1.20E-04 1.73E+02 1.02E-03 1.73E-02 3.01E-02 4.87E-03 1.33E-03 4.36E-01 7.26E-03 1.73E+02 1.51E-03 9.88E-04 1.14E-04 1.20E-04 1.73E+02

Passenger Truck 1.34E-03 4.15E-03 8.94E-03 3.32E-02 1.66E-03 1.01E-02 1.79E-03 2.54E-02 5.72E-01 1.92E-03 1.08E-03 1.63E-04 1.73E-04 2.33E+02 1.47E-03 2.54E-02 4.38E-02 6.95E-03 1.79E-03 5.72E-01 1.01E-02 2.32E+02 1.92E-03 1.08E-03 1.63E-04 1.73E-04 2.33E+02
Light Commercial Truck 1.34E-03 4.17E-03 8.94E-03 3.34E-02 1.63E-03 9.81E-03 1.77E-03 2.41E-02 5.46E-01 1.84E-03 1.08E-03 1.56E-04 1.66E-04 2.30E+02 1.44E-03 2.41E-02 4.39E-02 6.95E-03 1.77E-03 5.46E-01 9.81E-03 2.29E+02 1.84E-03 1.08E-03 1.56E-04 1.66E-04 2.30E+02

Urban Restricted Access 2038 Diesel Fuel Combination Long-haul Truck 4.70E-03 1.53E-02 3.13E-02 1.22E-01 2.99E-02 6.55E-02 1.35E-02 1.31E+00 3.24E-01 4.37E-02 1.92E-03 5.23E-04 8.81E-03 1.57E+03 2.75E-02 1.31E+00 1.84E-01 4.75E-02 1.35E-02 3.24E-01 6.55E-02 1.57E+03 4.37E-02 1.92E-03 5.23E-04 8.81E-03 1.57E+03
Combination Short-haul Truck 4.20E-03 1.38E-02 2.80E-02 1.11E-01 2.63E-02 6.39E-02 1.32E-02 1.26E+00 3.24E-01 4.36E-02 1.92E-03 5.22E-04 8.80E-03 1.54E+03 2.42E-02 1.26E+00 1.65E-01 4.22E-02 1.32E-02 3.24E-01 6.39E-02 1.53E+03 4.36E-02 1.92E-03 5.22E-04 8.80E-03 1.54E+03
Intercity Bus 3.71E-03 1.26E-02 2.48E-02 1.01E-01 2.61E-02 6.43E-02 1.34E-02 1.22E+00 3.17E-01 4.26E-02 1.83E-03 5.10E-04 8.59E-03 1.56E+03 2.40E-02 1.22E+00 1.51E-01 4.03E-02 1.34E-02 3.17E-01 6.43E-02 1.55E+03 4.26E-02 1.83E-03 5.10E-04 8.59E-03 1.56E+03
Passenger Car 1.24E-03 1.98E-03 8.25E-03 1.58E-02 2.40E-03 5.14E-03 1.52E-03 2.44E-02 8.50E-01 4.02E-03 3.71E-04 4.82E-05 8.12E-04 1.76E+02 2.21E-03 2.44E-02 2.65E-02 5.43E-03 1.52E-03 8.50E-01 5.14E-03 1.76E+02 4.02E-03 3.71E-04 4.82E-05 8.12E-04 1.76E+02
Passenger Truck 1.55E-03 2.99E-03 1.04E-02 2.39E-02 8.05E-03 2.44E-02 4.13E-03 1.94E-01 5.21E-01 2.22E-02 1.41E-03 2.65E-04 4.47E-03 4.81E+02 7.40E-03 1.94E-01 4.23E-02 1.19E-02 4.13E-03 5.21E-01 2.44E-02 4.81E+02 2.22E-02 1.41E-03 2.65E-04 4.47E-03 4.81E+02
School Bus 2.25E-03 9.21E-03 1.50E-02 7.37E-02 1.46E-02 5.76E-02 8.73E-03 9.68E-01 3.10E-01 4.46E-02 1.83E-03 5.34E-04 9.00E-03 1.02E+03 1.34E-02 9.68E-01 1.03E-01 2.49E-02 8.73E-03 3.10E-01 5.76E-02 1.02E+03 4.46E-02 1.83E-03 5.34E-04 9.00E-03 1.02E+03
Single Unit Long-haul Truck 2.65E-03 9.55E-03 1.77E-02 7.64E-02 1.45E-02 5.11E-02 7.62E-03 6.61E-01 2.89E-01 4.31E-02 1.83E-03 5.16E-04 8.69E-03 8.87E+02 1.33E-02 6.61E-01 1.09E-01 2.56E-02 7.62E-03 2.89E-01 5.11E-02 8.86E+02 4.31E-02 1.83E-03 5.16E-04 8.69E-03 8.87E+02
Single Unit Short-haul Truck 2.37E-03 8.28E-03 1.58E-02 6.62E-02 1.43E-02 5.05E-02 8.03E-03 6.70E-01 2.93E-01 4.31E-02 1.83E-03 5.16E-04 8.70E-03 9.35E+02 1.31E-02 6.70E-01 9.62E-02 2.38E-02 8.03E-03 2.93E-01 5.05E-02 9.34E+02 4.31E-02 1.83E-03 5.16E-04 8.70E-03 9.35E+02
Transit Bus 2.47E-03 8.10E-03 1.65E-02 6.48E-02 2.51E-02 6.20E-02 1.21E-02 1.29E+00 3.16E-01 4.27E-02 1.83E-03 5.11E-04 8.61E-03 1.41E+03 2.31E-02 1.29E+00 1.06E-01 3.36E-02 1.21E-02 3.16E-01 6.20E-02 1.41E+03 4.27E-02 1.83E-03 5.11E-04 8.61E-03 1.41E+03
Motor Home 2.01E-03 6.71E-03 1.34E-02 5.37E-02 1.42E-02 5.71E-02 8.59E-03 7.91E-01 3.06E-01 4.44E-02 1.83E-03 5.31E-04 8.95E-03 1.00E+03 1.30E-02 7.91E-01 8.13E-02 2.18E-02 8.59E-03 3.06E-01 5.71E-02 9.99E+02 4.44E-02 1.83E-03 5.31E-04 8.95E-03 1.00E+03
Refuse Truck 4.54E-03 1.40E-02 3.03E-02 1.12E-01 2.95E-02 6.30E-02 1.37E-02 1.29E+00 3.12E-01 4.14E-02 1.83E-03 4.96E-04 8.36E-03 1.59E+03 2.71E-02 1.29E+00 1.72E-01 4.57E-02 1.37E-02 3.12E-01 6.30E-02 1.59E+03 4.14E-02 1.83E-03 4.96E-04 8.36E-03 1.59E+03
Light Commercial Truck 1.50E-03 3.10E-03 9.99E-03 2.48E-02 7.05E-03 2.11E-02 3.67E-03 1.62E-01 5.66E-01 1.91E-02 1.26E-03 2.29E-04 3.86E-03 4.28E+02 6.48E-03 1.62E-01 4.19E-02 1.11E-02 3.67E-03 5.66E-01 2.11E-02 4.27E+02 1.91E-02 1.26E-03 2.29E-04 3.86E-03 4.28E+02

Gasoline Motorcycle 6.19E-04 1.61E-04 4.13E-03 1.29E-03 3.29E-02 4.96E-01 2.54E-03 7.95E-01 1.11E+01 2.56E-02 1.88E-03 2.16E-02 7.88E-03 3.82E+02 2.91E-02 7.95E-01 3.83E-02 2.99E-02 2.54E-03 1.11E+01 4.96E-01 3.81E+02 2.56E-02 1.88E-03 2.16E-02 7.88E-03 3.82E+02
Passenger Car 1.24E-03 1.98E-03 8.25E-03 1.58E-02 2.23E-03 6.39E-03 1.18E-03 2.68E-02 8.40E-01 1.10E-03 8.79E-04 2.09E-04 7.45E-05 1.77E+02 1.97E-03 2.68E-02 2.63E-02 5.19E-03 1.18E-03 8.40E-01 6.39E-03 1.77E+02 1.10E-03 8.79E-04 2.09E-04 7.45E-05 1.77E+02
Passenger Truck 1.25E-03 3.16E-03 8.31E-03 2.53E-02 3.68E-03 9.62E-03 1.63E-03 4.28E-02 1.13E+00 1.39E-03 1.00E-03 3.27E-04 1.17E-04 2.44E+02 3.26E-03 4.28E-02 3.73E-02 7.66E-03 1.63E-03 1.13E+00 9.62E-03 2.43E+02 1.39E-03 1.00E-03 3.27E-04 1.17E-04 2.44E+02
School Bus 2.25E-03 9.19E-03 1.50E-02 7.35E-02 2.84E-02 1.99E-01 6.87E-03 5.38E-01 4.22E+00 1.64E-03 3.10E-03 5.48E-03 1.91E-03 1.03E+03 2.52E-02 5.38E-01 1.17E-01 3.66E-02 6.87E-03 4.22E+00 1.99E-01 1.03E+03 1.64E-03 3.10E-03 5.48E-03 1.91E-03 1.03E+03
Single Unit Short-haul Truck 1.82E-03 5.84E-03 1.22E-02 4.67E-02 2.25E-02 1.04E-01 6.45E-03 3.41E-01 2.48E+00 1.13E-03 2.97E-03 3.12E-03 1.10E-03 9.67E+02 1.99E-02 3.41E-01 8.13E-02 2.75E-02 6.45E-03 2.48E+00 1.04E-01 9.66E+02 1.13E-03 2.97E-03 3.12E-03 1.10E-03 9.67E+02
Transit Bus 3.64E-03 1.26E-02 2.42E-02 1.01E-01 3.37E-02 2.49E-01 9.19E-03 6.70E-01 5.00E+00 2.14E-03 3.01E-03 6.55E-03 2.27E-03 1.38E+03 2.98E-02 6.70E-01 1.59E-01 4.61E-02 9.19E-03 5.00E+00 2.49E-01 1.38E+03 2.14E-03 3.01E-03 6.55E-03 2.27E-03 1.38E+03
Motor Home 2.01E-03 6.71E-03 1.34E-02 5.37E-02 3.13E-02 1.75E-01 6.78E-03 4.31E-01 3.41E+00 1.33E-03 3.02E-03 4.40E-03 1.52E-03 1.02E+03 2.77E-02 4.31E-01 9.84E-02 3.64E-02 6.78E-03 3.41E+00 1.75E-01 1.02E+03 1.33E-03 3.02E-03 4.40E-03 1.52E-03 1.02E+03
Refuse Truck 1.71E-03 3.20E-03 1.14E-02 2.56E-02 3.45E-02 1.67E-01 1.01E-02 1.50E-01 1.33E+00 7.10E-04 2.97E-03 2.27E-03 6.96E-04 1.51E+03 3.06E-02 1.50E-01 7.16E-02 3.55E-02 1.01E-02 1.33E+00 1.67E-01 1.51E+03 7.10E-04 2.97E-03 2.27E-03 6.96E-04 1.51E+03
Light Commercial Truck 1.27E-03 3.24E-03 8.44E-03 2.59E-02 3.59E-03 9.34E-03 1.64E-03 4.35E-02 1.04E+00 1.35E-03 1.08E-03 3.12E-04 1.11E-04 2.45E+02 3.17E-03 4.35E-02 3.79E-02 7.67E-03 1.64E-03 1.04E+00 9.34E-03 2.45E+02 1.35E-03 1.08E-03 3.12E-04 1.11E-04 2.45E+02

Compressed Natural Gas (CNG) Transit Bus 2.47E-03 8.10E-03 1.65E-02 6.48E-02 3.35E-03 1.15E-01 7.24E-03 1.63E+00 6.51E+00 2.39E+00 3.70E-02 2.92E-04 1.87E-02 1.44E+03 2.97E-03 1.63E+00 8.46E-02 1.35E-02 7.24E-03 6.51E+00 1.15E-01 1.37E+03 2.39E+00 3.70E-02 2.92E-04 1.87E-02 1.44E+03
Ethanol (E-85) Passenger Car 1.24E-03 1.98E-03 8.25E-03 1.58E-02 1.40E-03 8.15E-03 1.35E-03 2.30E-02 6.42E-01 1.87E-03 8.79E-04 1.37E-04 1.48E-04 1.76E+02 1.23E-03 2.30E-02 2.55E-02 4.45E-03 1.35E-03 6.42E-01 8.15E-03 1.75E+02 1.87E-03 8.79E-04 1.37E-04 1.48E-04 1.76E+02

Passenger Truck 1.24E-03 3.16E-03 8.25E-03 2.53E-02 2.22E-03 1.17E-02 1.82E-03 3.45E-02 8.47E-01 2.47E-03 9.63E-04 2.04E-04 2.25E-04 2.37E+02 1.96E-03 3.45E-02 3.58E-02 6.36E-03 1.82E-03 8.47E-01 1.17E-02 2.37E+02 2.47E-03 9.63E-04 2.04E-04 2.25E-04 2.37E+02
Light Commercial Truck 1.24E-03 3.25E-03 8.25E-03 2.60E-02 2.00E-03 1.09E-02 1.77E-03 3.11E-02 7.48E-01 2.23E-03 9.63E-04 1.86E-04 2.03E-04 2.31E+02 1.77E-03 3.11E-02 3.63E-02 6.26E-03 1.77E-03 7.48E-01 1.09E-02 2.30E+02 2.23E-03 9.63E-04 1.86E-04 2.03E-04 2.31E+02

Urban Unrestricted Acces 2038 Diesel Fuel Combination Long-haul Truck 5.58E-03 2.90E-02 3.72E-02 2.32E-01 3.71E-02 8.28E-02 1.48E-02 1.50E+00 3.99E-01 5.98E-02 2.77E-03 7.16E-04 1.21E-02 1.72E+03 3.41E-02 1.50E+00 3.06E-01 6.87E-02 1.48E-02 3.99E-01 8.28E-02 1.72E+03 5.98E-02 2.77E-03 7.16E-04 1.21E-02 1.72E+03
Combination Short-haul Truck 4.98E-03 2.61E-02 3.32E-02 2.09E-01 3.23E-02 8.09E-02 1.43E-02 1.43E+00 3.99E-01 5.98E-02 2.77E-03 7.16E-04 1.21E-02 1.67E+03 2.97E-02 1.43E+00 2.74E-01 6.08E-02 1.43E-02 3.99E-01 8.09E-02 1.66E+03 5.98E-02 2.77E-03 7.16E-04 1.21E-02 1.67E+03
Intercity Bus 4.60E-03 2.54E-02 3.07E-02 2.03E-01 3.23E-02 8.20E-02 1.41E-02 1.36E+00 4.01E-01 6.04E-02 2.77E-03 7.23E-04 1.22E-02 1.64E+03 2.97E-02 1.36E+00 2.66E-01 5.97E-02 1.41E-02 4.01E-01 8.20E-02 1.63E+03 6.04E-02 2.77E-03 7.23E-04 1.22E-02 1.64E+03
Passenger Car 1.53E-03 4.06E-03 1.02E-02 3.25E-02 2.10E-03 4.41E-03 1.63E-03 1.44E-02 5.82E-01 3.13E-03 5.63E-04 3.75E-05 6.32E-04 1.90E+02 1.93E-03 1.44E-02 4.48E-02 7.52E-03 1.63E-03 5.82E-01 4.41E-03 1.90E+02 3.13E-03 5.63E-04 3.75E-05 6.32E-04 1.90E+02
Passenger Truck 1.92E-03 6.42E-03 1.28E-02 5.14E-02 8.95E-03 2.99E-02 4.43E-03 2.28E-01 4.50E-01 2.78E-02 2.13E-03 3.32E-04 5.60E-03 5.16E+02 8.24E-03 2.28E-01 7.32E-02 1.66E-02 4.43E-03 4.50E-01 2.99E-02 5.15E+02 2.78E-02 2.13E-03 3.32E-04 5.60E-03 5.16E+02
School Bus 2.79E-03 1.46E-02 1.86E-02 1.17E-01 1.45E-02 5.66E-02 6.94E-03 8.10E-01 2.69E-01 4.72E-02 2.77E-03 5.65E-04 9.51E-03 8.09E+02 1.33E-02 8.10E-01 1.50E-01 3.08E-02 6.94E-03 2.69E-01 5.66E-02 8.07E+02 4.72E-02 2.77E-03 5.65E-04 9.51E-03 8.09E+02
Single Unit Long-haul Truck 3.29E-03 1.79E-02 2.19E-02 1.43E-01 1.67E-02 6.80E-02 8.29E-03 7.68E-01 3.61E-01 6.03E-02 2.77E-03 7.22E-04 1.22E-02 9.66E+02 1.54E-02 7.68E-01 1.82E-01 3.66E-02 8.29E-03 3.61E-01 6.80E-02 9.64E+02 6.03E-02 2.77E-03 7.22E-04 1.22E-02 9.66E+02
Single Unit Short-haul Truck 2.93E-03 1.55E-02 1.95E-02 1.24E-01 1.67E-02 6.76E-02 8.77E-03 7.75E-01 3.67E-01 6.06E-02 2.77E-03 7.25E-04 1.22E-02 1.02E+03 1.54E-02 7.75E-01 1.60E-01 3.38E-02 8.77E-03 3.67E-01 6.76E-02 1.02E+03 6.06E-02 2.77E-03 7.25E-04 1.22E-02 1.02E+03
Transit Bus 3.07E-03 1.43E-02 2.04E-02 1.15E-01 2.47E-02 5.99E-02 9.21E-03 1.09E+00 2.78E-01 4.62E-02 2.77E-03 5.53E-04 9.32E-03 1.07E+03 2.28E-02 1.09E+00 1.60E-01 4.02E-02 9.21E-03 2.78E-01 5.99E-02 1.07E+03 4.62E-02 2.77E-03 5.53E-04 9.32E-03 1.07E+03
Motor Home 2.49E-03 1.24E-02 1.66E-02 9.90E-02 1.62E-02 7.43E-02 8.81E-03 8.67E-01 3.81E-01 6.25E-02 2.77E-03 7.48E-04 1.26E-02 1.03E+03 1.49E-02 8.67E-01 1.32E-01 2.98E-02 8.81E-03 3.81E-01 7.43E-02 1.02E+03 6.25E-02 2.77E-03 7.48E-04 1.26E-02 1.03E+03
Refuse Truck 5.63E-03 2.76E-02 3.75E-02 2.21E-01 3.60E-02 7.95E-02 1.43E-02 1.43E+00 3.92E-01 5.80E-02 2.77E-03 6.94E-04 1.17E-02 1.66E+03 3.31E-02 1.43E+00 2.94E-01 6.63E-02 1.43E-02 3.92E-01 7.95E-02 1.66E+03 5.80E-02 2.77E-03 6.94E-04 1.17E-02 1.66E+03
Light Commercial Truck 1.86E-03 6.52E-03 1.24E-02 5.21E-02 7.83E-03 2.56E-02 3.99E-03 1.91E-01 4.90E-01 2.36E-02 1.91E-03 2.83E-04 4.77E-03 4.65E+02 7.20E-03 1.91E-01 7.23E-02 1.56E-02 3.99E-03 4.90E-01 2.56E-02 4.64E+02 2.36E-02 1.91E-03 2.83E-04 4.77E-03 4.65E+02

Gasoline Motorcycle 7.67E-04 3.57E-04 5.11E-03 2.86E-03 2.16E-02 5.70E-01 2.37E-03 6.68E-01 1.04E+01 2.99E-02 2.85E-03 2.52E-02 9.18E-03 3.57E+02 1.91E-02 6.68E-01 2.95E-02 2.02E-02 2.37E-03 1.04E+01 5.70E-01 3.55E+02 2.99E-02 2.85E-03 2.52E-02 9.18E-03 3.57E+02
Passenger Car 1.53E-03 4.06E-03 1.02E-02 3.25E-02 1.94E-03 5.58E-03 1.27E-03 1.57E-02 5.75E-01 8.58E-04 1.33E-03 1.65E-04 5.80E-05 1.91E+02 1.72E-03 1.57E-02 4.46E-02 7.31E-03 1.27E-03 5.75E-01 5.58E-03 1.90E+02 8.58E-04 1.33E-03 1.65E-04 5.80E-05 1.91E+02
Passenger Truck 1.54E-03 6.75E-03 1.03E-02 5.40E-02 2.76E-03 7.84E-03 1.71E-03 2.57E-02 7.53E-01 1.02E-03 1.52E-03 2.38E-04 8.39E-05 2.57E+02 2.44E-03 2.57E-02 6.70E-02 1.07E-02 1.71E-03 7.53E-01 7.84E-03 2.56E+02 1.02E-03 1.52E-03 2.38E-04 8.39E-05 2.57E+02
School Bus 2.79E-03 1.46E-02 1.86E-02 1.17E-01 7.68E-03 2.07E-01 5.17E-03 3.39E-01 3.09E+00 2.04E-03 4.69E-03 6.80E-03 2.42E-03 7.75E+02 6.80E-03 3.39E-01 1.43E-01 2.42E-02 5.17E-03 3.09E+00 2.07E-01 7.74E+02 2.04E-03 4.69E-03 6.80E-03 2.42E-03 7.75E+02
Single Unit Short-haul Truck 2.26E-03 1.06E-02 1.51E-02 8.45E-02 7.14E-03 1.23E-01 6.53E-03 3.13E-01 2.68E+00 1.43E-03 4.50E-03 3.98E-03 1.41E-03 9.79E+02 6.31E-03 3.13E-01 1.07E-01 1.91E-02 6.53E-03 2.68E+00 1.23E-01 9.77E+02 1.43E-03 4.50E-03 3.98E-03 1.41E-03 9.79E+02
Transit Bus 4.51E-03 2.21E-02 3.00E-02 1.77E-01 1.86E-02 2.87E-01 7.38E-03 4.90E-01 4.14E+00 3.03E-03 4.57E-03 9.30E-03 3.31E-03 1.11E+03 1.65E-02 4.90E-01 2.26E-01 4.31E-02 7.38E-03 4.14E+00 2.87E-01 1.11E+03 3.03E-03 4.57E-03 9.30E-03 3.31E-03 1.11E+03
Motor Home 2.49E-03 1.24E-02 1.66E-02 9.90E-02 8.75E-03 1.93E-01 6.51E-03 3.86E-01 3.63E+00 1.62E-03 4.58E-03 5.39E-03 1.89E-03 9.76E+02 7.74E-03 3.86E-01 1.24E-01 2.26E-02 6.51E-03 3.63E+00 1.93E-01 9.74E+02 1.62E-03 4.58E-03 5.39E-03 1.89E-03 9.76E+02
Refuse Truck 2.12E-03 6.06E-03 1.41E-02 4.85E-02 2.23E-02 1.90E-01 1.07E-02 1.38E-01 1.51E+00 9.68E-04 4.50E-03 3.01E-03 9.59E-04 1.60E+03 1.97E-02 1.38E-01 8.49E-02 2.79E-02 1.07E-02 1.51E+00 1.90E-01 1.60E+03 9.68E-04 4.50E-03 3.01E-03 9.59E-04 1.60E+03
Light Commercial Truck 1.57E-03 6.76E-03 1.05E-02 5.41E-02 2.92E-03 8.05E-03 1.75E-03 2.84E-02 7.76E-01 1.06E-03 1.65E-03 2.44E-04 8.62E-05 2.63E+02 2.58E-03 2.84E-02 6.75E-02 1.09E-02 1.75E-03 7.76E-01 8.05E-03 2.62E+02 1.06E-03 1.65E-03 2.44E-04 8.62E-05 2.63E+02

Compressed Natural Gas (CNG) Transit Bus 3.07E-03 1.43E-02 2.04E-02 1.15E-01 2.15E-03 1.68E-01 5.82E-03 1.19E+00 5.39E+00 3.48E+00 5.62E-02 4.25E-04 2.72E-02 1.20E+03 1.90E-03 1.19E+00 1.37E-01 1.93E-02 5.82E-03 5.39E+00 1.68E-01 1.10E+03 3.48E+00 5.62E-02 4.25E-04 2.72E-02 1.20E+03
Ethanol (E-85) Passenger Car 1.53E-03 4.06E-03 1.02E-02 3.25E-02 1.22E-03 7.44E-03 1.45E-03 1.35E-02 4.40E-01 1.45E-03 1.33E-03 1.12E-04 1.15E-04 1.89E+02 1.08E-03 1.35E-02 4.39E-02 6.67E-03 1.45E-03 4.40E-01 7.44E-03 1.89E+02 1.45E-03 1.33E-03 1.12E-04 1.15E-04 1.89E+02

Passenger Truck 1.53E-03 6.76E-03 1.02E-02 5.41E-02 1.66E-03 1.01E-02 1.92E-03 2.03E-02 5.59E-01 1.80E-03 1.46E-03 1.55E-04 1.61E-04 2.50E+02 1.47E-03 2.03E-02 6.59E-02 9.76E-03 1.92E-03 5.59E-01 1.01E-02 2.49E+02 1.80E-03 1.46E-03 1.55E-04 1.61E-04 2.50E+02
Light Commercial Truck 1.53E-03 6.79E-03 1.02E-02 5.44E-02 1.63E-03 9.85E-03 1.90E-03 1.93E-02 5.41E-01 1.73E-03 1.46E-03 1.50E-04 1.55E-04 2.47E+02 1.44E-03 1.93E-02 6.62E-02 9.77E-03 1.90E-03 5.41E-01 9.85E-03 2.47E+02 1.73E-03 1.46E-03 1.50E-04 1.55E-04 2.47E+02

2.43E-02 0.00E+00 0.00E+00 2.43E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.72E-02 0.00E+00 0.00E+00 1.72E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
9.30E-02 0.00E+00 0.00E+00 9.30E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4.92E-03 0.00E+00 0.00E+00 4.92E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.41E-02 0.00E+00 0.00E+00 2.41E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.00E-03 0.00E+00 0.00E+00 2.00E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.27E-03 0.00E+00 0.00E+00 2.27E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.22E-03 0.00E+00 0.00E+00 2.22E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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MBTL EIS ‐‐ GRADE CROSSING EMISSIONS INVENTORY ‐‐ SUMMARY OF EXHAUST EMISSIONS BY GRADE CROSSING (TONS/YEAR)

No Action

Incremental 

Increase No Action

Incremental 

Increase No Action

Incremental 

Increase

Criteria Pollutants

CO 3.28E-02 4.70E-02 3.60E-02 9.37E-01 1.30E-02 2.78E-01

NOx 5.19E-03 7.43E-03 3.62E-03 9.42E-02 1.29E-03 2.74E-02

PM10 6.31E-04 9.03E-04 1.02E-03 2.64E-02 5.17E-04 1.10E-02

PM2.5 2.33E-04 3.34E-04 2.44E-04 6.33E-03 1.07E-04 2.28E-03

SO2 3.19E-05 4.56E-05 5.03E-05 1.31E-03 2.40E-05 5.12E-04

VOC 1.04E-03 1.49E-03 8.72E-04 2.27E-02 3.51E-04 7.48E-03

Hazardous Pollutants

Acetaldehyde 7.20E-05 1.03E-04 6.05E-05 1.57E-03 2.44E-05 5.19E-04

Acrolein 1.04E-05 1.49E-05 8.72E-06 2.27E-04 3.51E-06 7.48E-05

Benzene 1.34E-05 1.92E-05 1.13E-05 2.93E-04 4.53E-06 9.66E-05

1,3-Butadiene 8.31E-07 1.19E-06 6.98E-07 1.81E-05 2.81E-07 5.99E-06

Ethylbenzene 6.51E-06 9.32E-06 5.47E-06 1.42E-04 2.20E-06 4.69E-05

Formaldehyde 2.26E-04 3.23E-04 1.90E-04 4.93E-03 7.64E-05 1.63E-03

n-Hexane 5.62E-06 8.04E-06 4.72E-06 1.23E-04 1.90E-06 4.05E-05

Toluene 3.12E-05 4.46E-05 2.62E-05 6.80E-04 1.05E-05 2.24E-04

Xylene 3.95E-05 5.65E-05 3.32E-05 8.62E-04 1.33E-05 2.84E-04

MTBL EIS grade xing emission calcs_04132015.xls

Pollutants (tons/year)

2018 2028 2038



Commuter traffic

Assume a mean travel time of 24.1 minutes (http://quickfacts.census.gov/qfd/states/53/53015.html)

Assumed each worker is a single occupant; Used the on-road average emission rate for 2018 MOVES - 35 mph.  

Labor Number

Phase 1&2 Time (min) - round trip Speed (miles/hr) Days/year miles/year miles/day

Peak Employees 200 48.2 35 753.0952 4234905 5623.333

Assume a 50/50 Split between gasoline and E-85

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O CO2eq

2018

Construction Annual T/year

Passenger Vehicle - Gas+E-85 5.13E-01 2.16E-01 4.12E-02 1.06E-02 7.38E+00 1.26E-01 1.48E+03 1.57E-02 7.11E-03 1.49E+03

Construction Max Day lbs/day

Passenger Vehicle - Gas+E-85 1.36E+00 5.75E-01 1.09E-01 2.82E-02 1.96E+01 3.35E-01 3.94E+03 4.16E-02 1.89E-02 3.94E+03

Conversion Factors:
453.59 g/lb

2000 lbs/ton

5280 ft/mile

3.78541 l/gal

24 hrs/day
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O Benzene Form CO2eq

2018

Passenger Gas (at 35mph) 1.61E-01 4.77E-02 1.01E-02 2.14E-03 1.96 3.61E-02 321.38 2.71E-03 1.75E-03 1.19E-03 4.44E-04 321.97

Passenger E-85 (at35 mph) 5.88E-02 4.50E-02 7.59E-03 2.42E-03 1.20 1.80E-02 313.88 4.00E-03 1.30E-03 2.92E-04 3.59E-04 314.37

Mobile Source - Moves run for Cowlitz County, WY, 2018
Emission factors for Commuting Vehicles Exhaust

Emission Factors for Commuting Vehicles

Emission Factors (gm/mile)



Commuter traffic

Assume a mean travel time of 24.1 minutes (http://quickfacts.census.gov/qfd/states/53/53015.html)

Assumed each worker is a single occupant; Used the on-road average emission rate for 2018 MOVES - 35 mph.  

Labor Number

75 Time (min) - round trip Speed (miles/hr) Days/year miles/year miles/day

Employees: 5 day/week 14 48.2 35 260 102344.67

Employees: 7 day/week 61 48.2 35 294 504244.3

Total 606588.97

Assume a 50/50 Split between gasoline and E-85 (tons per year)

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O CO2eq

2018

Construction Annual T/year

Passenger Vehicle - Gas+E-85 0.073440066 0.030989402 0.005901277 0.0015225 1.0568848 0.0180747 212.38476 0.0022439 0.00101911 212.74455

Conversion Factors:
453.59 g/lb

2000 lbs/ton

5280 ft/mile

3.78541 l/gal

24 hrs/day
Global Warming Potentials (GWPs) CO2 - 1

CH4 - 25

N2O - 298

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O Benzene Form CO2eq

2018

Passenger Gas (at 35mph) 1.61E-01 4.77E-02 1.01E-02 2.14E-03 1.96 3.61E-02 321.38 2.71E-03 1.75E-03 1.19E-03 4.44E-04 321.97

Passenger E-85 (at35 mph) 5.88E-02 4.50E-02 7.59E-03 2.42E-03 1.20 1.80E-02 313.88 4.00E-03 1.30E-03 2.92E-04 3.59E-04 314.37

Mobile Source - Moves run for Cowlitz County, WY, 2018
Emission factors for Commuting Vehicles Exhaust

Emission Factors for Commuting Vehicles

Emission Factors (gm/mile)



Commuter traffic

Assume a mean travel time of 24.1 minutes  (http://quickfacts.census.gov/qfd/states/53/53015.html)

Assumed each worker is a single occupant; Used the on-road average emission rate for 2028 MOVES - 35 mph.  

Labor Number

135 Time (min) - round trip Speed (miles/hr) Days/year miles/year miles/day

Employees: 5 day/week 25 48.2 35 260 182758.3333

Employees: 7 day/week 110 48.2 35 294 909293

Total 1092051.333

Assume a 50/50 Split between gasoline and E-85

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O CO2eq

2028

Construction Annual T/year

Passenger Vehicle - Gas+E-85 0.037 0.054 0.009 0.002 1.073 0.012 274.24 0.0022 0.0016 274.77

Conversion Factors:
453.59 g/lb

2000 lbs/ton

5280 ft/mile `

3.78541 l/gal

24 hrs/day
Global Warming Potentials (GWPs) CO2 - 1

CH4 - 25

N2O - 298

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O Benzene Form CO2eq

2028

Passenger Gas (at 35mph) 3.35E-02 4.54E-02 7.98E-03 1.52E-03 1.01 9.15E-03 228.62 1.35E-03 1.33E-03 3.08E-04 1.09E-04 229.05

Passenger E-85 (at35 mph) 2.74E-02 4.44E-02 7.09E-03 1.75E-03 0.77 1.12E-02 227.01 2.29E-03 1.33E-03 1.93E-04 2.14E-04 227.46

Mobile Source - Moves run for Cowlitz County, WY, 2028

Emission Factors for Commuting Vehicles

Emission factors for Commuting Vehicles Exhaust

Emission Factors (gm/mile)



Commuter traffic

Assume a mean travel time of 24.1 minutes (http://quickfacts.census.gov/qfd/states/53/53015.html)

Assumed each worker is a single occupant; Used the on-road average emission rate for 2038 MOVES - 35 mph.  

Labor Number

135 Time (min) - round trip Speed (miles/hr) Days/year miles/year miles/day

Employees: 5 day/week 25 48.2 35 260 182758.3

Employees: 7 day/week 110 48.2 35 294 909293

Total 1092051

Assume a 50/50 Split between gasoline and E-85

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O CO2eq

2038

Construction Annual T/year

Passenger Vehicle - Gas+E-85 0.0171 0.0406 0.0078 0.0011 0.4673 0.0048 157.8767 0.0006 0.0010 158.2

Conversion Factors:
453.59 g/lb

2000 lbs/ton

5280 ft/mile

3.78541 l/gal

24 hrs/day
Global Warming Potentials (GWPs): CO2 - 1

CH4 - 25

N2O - 298

Project Year NOx PM10 PM2.5 SO2 CO VOC CO2 CH4 N2O Benzene Form CO2eq

2038

Passenger Gas (at 35mph) 2.84E-02 6.75E-02 1.09E-02 1.75E-03 0.78 8.05E-03 262.30 1.06E-03 1.65E-03 2.44E-04 8.62E-05 262.82

Passenger E-85 (at 35 mph) 0.00E+00 0.00E+00 2.00E-03 0.00E+00 0.00 0.00E+00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00

Mobile Source - Moves run for Cowlitz County, WY, 2038

Emission Factors for Commuting Vehicles

Emission factors for Commuting Vehicles Exhaust

Emission Factors (gm/mile)



Construction Emissions (tpy) [Maximum per Year]

Source NOx CO VOC SO2 TSP PM10 PM2.5 HAPS DPM

COMBUSTION SOURCES
Equipment (Onsite) 24.6 9.04 2.23 0.95 2.34 1.93 1.93 0.05 2.34

Haul Trucks (Onsite & Offsite) 13.43 2.92 0.585 0.040 0.77 0.63 0.44 0.015 0.77

Passenger Vehicles (Offsite) 0.53 7.46 0.129 0.0107 0.218 0.218 0.042

Barges (Offsite) 59.04 15.68 1.511 0.028 1.29 1.06 1.06 0.08 1.29

Total Combustion Sources 97.59 35.1 4.46 1.03 4.62 3.84 3.47 0.14 4.40

Total (on-site and off-site) 38.5 19.4 2.9 1.0 3.3 2.8 2.4 0.1 3.1

FUGITIVE SOURCES
Controlled Fugitive Earthwork - - - - 12.0 5.87 1.22 -

Total Fugitive Sources - - - - 12.0 5.87 1.22 -

Total - All Construction Sources 97.6 35.1 4.46 1.03 16.6 9.70 4.69 0.14 4.40

Construction Emissions (lb/day) [Maximum daily]

Source NOx CO VOC SO2 TSP PM10 PM2.5 HAPS DPM

COMBUSTION SOURCES
Equipment (Onsite) 229.6 82.9 20.4 8.67 21.5 17.66 17.66 0.42 21.5

Haul Trucks (Onsite & Offsite) 165.22 38.41 7.93 0.48 12.45 10.24 6.29 0.19 12.45

Passenger Vehicles (Offsite) 1.431 20.033 0.349 0.029 0.583 0.113

Barges (Offsite) 454.7 120.8 11.6 0.21 9.90 8.14 8.14 0.61 9.9

Total Combustion Sources 850.9 262.1 40.3 9.40 43.8 36.6 32.2 1.22 43.8

Total minus barges 396.22 141.33 28.66 9.18 33.94 28.48 24.07 0.61 33.94

54.7 14.4 3.1 0.2 6.1 5 2.6 0.1
284.26 97.29 23.49 8.87 27.59 22.66 20.26 0.52 21.49

FUGITIVE SOURCES
Controlled Fugitive Earthwork - - - - 66.7 32.6 6.8 -

Total Fugitive Sources - - - - 66.7 32.6 6.80 -

Total - All Construction Sources 850.9 262.1 40.3 9.40 110.5 69.2 39.0 1.22 43.8

Source NOx CO VOC SO2 TSP PM10 PM2.5 HAPs DPM

Facility Only (Material Handling, Maintenance and On-site Equipment) Pollutant Emissions (tpy)



FUGITIVE SOURCES
Coal Transfer (except piles):

Material Handling - - - - 5.25 1.84 0.28 - -

Coal Piles:

Wind Erosion - - - - 1.08 0.92 0.14 - -

Material Handling - - - - 2.62 0.92 0.14 - -

MOBILE SOURCES
Maintenance/Operations Equipment:

Combustion 4.36 1.42 0.36 0.19 0.38 0.31 0.31 7.15E-03 0.38

Total - onsite 4.36 1.42 0.36 0.19 9.33 3.99 0.87 7.15E-03 0.38

On-Site Ship and Train Pollutant Emissions (tpy)

Source NOx CO VOC SO2 TSP PM10 PM2.5 HAPs DPM

Trains:

Combustion (On-site) 11.57 4.00 0.48 1.42E-02 0.30 0.25 0.24 4.26E-02 0.21

Fugitive (On-site) - - - - 2.10 1.79 0.27 - -

Ships:

Combustion (On-site) 23.3 65.9 15.3 4.52 1.27 1.05 1.02 7.58E-02 0.56

Total - transport 34.8 69.9 15.8 4.54 3.68 3.08 1.53 3.75E-02 0.77

Total  Pollutant Emissions (tpy)

Source NOx CO VOC SO2 TSP PM10 PM2.5 HAPS DPM

FUGITIVE SOURCES
Coal Transfer (except piles):

Material Handling - - - - 5.25 1.84 0.28 - -

Coal Piles:

Wind Erosion - - - - 1.08 0.92 0.14 - -

Material Handling - - - - 2.62 0.92 0.14 - -

MOBILE SOURCES
Maintenance/Operations Equipment:



Combustion 4.36 1.42 0.36 0.19 0.38 0.31 0.31 7.15E-03 0.38

Trains:

Combustion (Off-site) 17.5 7.6 0.60 2.70E-02 0.45 0.37 0.36 0.08 0.45

Fugitive (Off-site) - - - - 0.94 0.80 0.12 - -

Combustion (On-site) 11.6 4.00 0.48 1.42E-02 0.30 0.25 0.24 4.26E-02 0.21

Fugitive (On-site) - - - - 2.10 1.79 0.27 - -

Ships:

Combustion (Off-site) 24.8 37.9 14.1 3.04 2.17 1.78 1.64 3.25E-02 0.00

Combustion (On-site) 23.3 65.9 15.3 4.52 1.27 1.05 1.02 0.08 0.56

Total - All Sources, Onsite and Offsite 81.5 116.9 30.9 7.79 16.6 10.0 4.53 0.24 1.61



MILLENNIUM BULK TERMINALS—LONGVIEW  
NEPA ENVIRONMENTAL IMPACT STATEMENT 

NEPA GREENHOUSE GAS EMISSIONS 

TECHNICAL REPORT 

PREPARED FOR: 

U.S. Army Corps of Engineers, Seattle District 

4735 East Marginal Way South 
Seattle, WA 98134 

PREPARED BY: 

ICF International 

710 Second Avenue, Suite 550 
Seattle, WA 98104 

September 2016 

  



ICF International. 2016. Millennium Bulk Terminals—Longview, NEPA Environmental Impact 
Statement, NEPA Greenhouse Gas Emissions Technical Report. September. (ICF 00264.13.) 
Seattle, WA. Prepared for U.S. Army Corps of Engineers, Seattle District.



 

Millennium Bulk Terminals—Longview 
NEPA Greenhouse Gas Emissions Technical Report 

i 
September 2016 

 

 

Contents 

List of Tables ........................................................................................................................................... ii 

List of Figures ......................................................................................................................................... iii 

List of Acronyms and Abbreviations ...................................................................................................... iv 

Chapter 1 Introduction .................................................................................................................... 1-1 

1.1 Project Description ................................................................................................................. 1-1 

1.1.1 On-Site Alternative .......................................................................................................... 1-1 

1.1.2 Off-Site Alternative .......................................................................................................... 1-4 

1.1.3 No-Action Alternative ...................................................................................................... 1-6 

1.2 Regulatory Setting .................................................................................................................. 1-6 

1.3 The Effect of Greenhouse Gases ............................................................................................ 1-7 

1.4 Study Area ............................................................................................................................ 1-10 

Chapter 2 Affected Environment ..................................................................................................... 2-1 

2.1 Methods ................................................................................................................................. 2-1 

2.1.1 Data Sources .................................................................................................................... 2-1 

2.1.2 Impact Analysis ................................................................................................................ 2-2 

2.2 Affected Environment .......................................................................................................... 2-13 

Chapter 3 Impacts ........................................................................................................................... 3-1 

3.1 Activities ................................................................................................................................. 3-1 

3.1.1 Project Area Activities ...................................................................................................... 3-1 

3.1.2 Activities Ouside the Project Area ................................................................................... 3-4 

3.2 Impacts ................................................................................................................................... 3-6 

3.2.1 Project Areas .................................................................................................................... 3-6 

3.2.2 Outside the Project Areas ................................................................................................ 3-9 

3.2.3 Greenhouse Gas Emissions ............................................................................................ 3-10 

3.3 Emissions in Context............................................................................................................. 3-11 

Chapter 4 References ...................................................................................................................... 4-1 

4.1 Written References ................................................................................................................ 4-1 

4.2 Personal Communications ...................................................................................................... 4-3 

 

  



U.S. Army Corps of Engineers 

 

Contents 
 

Millennium Bulk Terminals—Longview 
NEPA Greenhouse Gas Emissions Technical Report 

ii 
September 2016 

 

 

Tables 

1.  Federal Regulations, Statutes, and Guidance for Greenhouse Gases ....................................... 1-6 

2.  Global Warming Potentials ........................................................................................................ 1-9 

3 Upland Emission Factors ............................................................................................................ 2-6 

4 Wetland Emission Factors ......................................................................................................... 2-7 

5 Construction Equipment Activity Data and Emission Factors ................................................... 2-8 

6 Barge Activity and Energy Use for Terminal Construction ........................................................ 2-8 

7 Emission Factors for Construction Barges ................................................................................. 2-9 

8 Export Terminal Equipment and Emission Factors for Construction Equipment 
Typically Used for Industrial Site Construction.......................................................................... 2-9 

9 Emission Factors for Idling Vessels and Tugboats ................................................................... 2-10 

10 Emission Factors for Locomotives ........................................................................................... 2-10 

11.  Emission Factors for Vessels in Transit within Cowlitz County ................................................ 2-12 

12.  Calculation of the Emission Factor for Long-Distance Vessel Transport of Coal ..................... 2-12 

13.  Average Fuel Mix and Fuel-Specific Emission Factor for the Cowlitz PUD Region .................. 2-13 

14 Changes in Upland and Wetland Land Cover Area by Vegetation Cover Type – 
On-Site Alternative .................................................................................................................... 3-2 

15 Changes in Upland and Wetland Land Cover Area by Vegetation Cover Type – 
Off-Site Alternative .................................................................................................................... 3-2 

16 Major Construction Activities and Typical Equipment Fleetsa .................................................. 3-3 

17 Export Terminal Equipment ....................................................................................................... 3-4 

18 Rail Transport Distances ............................................................................................................ 3-5 

19 Monthly and Annual Electricity Demand ................................................................................... 3-5 

20 Vegetation Removal, Soil Disturbance, and Wetland Loss Emissions (MtCO2e) ...................... 3-6 

21 Export Terminal Construction Emissions (MtCO2e) .................................................................. 3-7 

22 Export Terminal Operation Emissions from Mobile Combustion (MtCO2e) ............................. 3-8 

23 Emissions from Vessel Idling and Tugboat Use at Terminal (MtCO2e) ..................................... 3-8 

24 Project Area Locomotive Operation Emissions (MtCO2e) ........................................................ 3-8 

25 Employee Commuting (MtCO2e) .............................................................................................. 3-9 

26 Locomotive Operation Emissions on Reynolds Lead and BNSF Spur (MtCO2e) ....................... 3-9 

27 Emissions from Vessel Transport Outside the Project Areas (MtCO2e).................................. 3-10 

28 Emissions from Export Terminal Electricity Consumption (MtCO2e)...................................... 3-10 

29 Project Area Emissions (MtCO2e) ............................................................................................ 3-11 

30 Emissions Generated Outside the Project Area (MtCO2e)...................................................... 3-11 

31 Total Greenhouse Gas Emissions (MtCO2e) ............................................................................ 3-11 

 



U.S. Army Corps of Engineers 

 

Contents 
 

Millennium Bulk Terminals—Longview 
NEPA Greenhouse Gas Emissions Technical Report 

iii 
September 2016 

 

 

Figures 

1 Project Vicinity ........................................................................................................................... 1-2 

2 On-Site Alternative .................................................................................................................... 1-3 

3 Off-Site Alternative .................................................................................................................... 1-5 

4 Model of the Natural Greenhouse Effect .................................................................................. 1-8 

5 Annual Coal Throughput, 2018 to 2038 .................................................................................... 2-4 

 



U.S. Army Corps of Engineers 

 

Contents 
 

Millennium Bulk Terminals—Longview 
NEPA Greenhouse Gas Emissions Technical Report 

iv 
September 2016 

 

 

Acronyms and Abbreviations 

°F degrees Fahrenheit 

Applicant Millennium Bulk Terminals—Longview 

BNSF BNSF Railway Company 

CARB California Air Resources Board 

CEQ Council on Environmental Quality 

CFR Code of Federal Regulations 

CO2 carbon dioxide  

CO2e carbon dioxide equivalent 

Corps U.S. Army Corps of Engineers 

eGRID Emissions & Generaion Resource Integrated Database 

EPA U.S. Environmental Protection Agency 

FR Federal Register 

GHG greenhouse gas  

GWP global warming potential 

HFC hydrofluorocarbon 

hp horsepower 

IPCC International Panel on Climate Change 

kgCO2e kilograms of carbon dioxide equivalent  

kWh kilowatt hours 

LVSW Longview Switching Company 

MMBtu million British thermal units 

MMTCO2e million metric tons of carbon dioxide equivalent 

MtCO2e metric tons of carbon dioxide equivalent 

MWh megawatt hours 

NEPA National Environmental Policy Act 

PUD Public Utilities District 

RCW Revised Code of Washington 

Reynolds facility Reynolds Metals Company facility 

UP Union Pacific 

USC United States Code 

 



 

 

Millennium Bulk Terminals—Longview 
NEPA Greenhouse Gas Emissions Technical Report 

1-1 
September 2016 

 

 

Chapter 1 
Introduction 

This technical report assesses the potential greenhouse gas (GHG) emissions impacts of the 

proposed Millennium Bulk Terminals—Longview project (On-Site Alternative), Off-Site Alternative, 

and No-Action Alternative. For the purposes of this assessment, greenhouse gas emissions include 

the emissions from construction and operation of the On-Site Alternative or Off-Site Alternative, 

including the transport of the coal to and from the proposed export terminal. This report describes 

the regulatory setting, presents the effect of greenhouse gases, establishes the method for assessing 

potential greenhouse gas emissions impacts, and assesses potential impacts. 

1.1 Project Description 
Millennium Bulk Terminals—Longview, LLC (Applicant) proposes to construct and operate an 

export terminal in Cowlitz County, Washington, along the Columbia River (Figure 1). The export 

terminal would receive coal from the Powder River Basin in Montana and Wyoming and the Uinta 

Basin in Utah and Colorado via rail shipment, then load and transport the coal by ocean-going ships 

via the Columbia River and Pacific Ocean to overseas markets in Asia. The export terminal would be 

capable of receiving, stockpiling, blending, and loading coal by conveyor onto ships for export. 

Construction of the export terminal would begin in 2018. For the purpose of this analysis, it is 

assumed the export terminal would operate at full capacity by 2028. The following subsections 

present a summary of the On-Site Alternative, Off-Site Alternative, and No-Action Alternative. 

1.1.1 On-Site Alternative  

Under the On-Site Alternative, the Applicant would develop an export terminal on 190 acres (project 

area). The project area is located within an existing 540-acre area currently leased by the Applicant 

at the former Reynolds Metals Company facility (Reynolds facility), and land currently owned by 

Bonneville Power Administration. The project area is adjacent to the Columbia River in 

unincorporated Cowlitz County, Washington near Longview city limits (Figure 2).  

The Applicant currently and separately operates at the Reynolds facility, and would continue to 

separately operate a bulk product terminal on land leased by the Applicant. Industrial Way (State 

Route 432) provides vehicular access to the Applicant’s leased land. The Reynolds Lead and the 

BNSF Spur rail lines, both operated by Longview Switching Company (LVSW),1 provide rail access to 

the Applicant’s leased area from the BNSF Railway Company (BNSF) main line (Longview Junction) 

located to the east in Kelso, Washington. Ships access the Applicant’s leased area including the bulk 

product terminal via the Columbia River and berth at an existing dock (Dock 1) operated by the 

Applicant in the Columbia River. 

                                                      
1 LVSW is jointly owned by BNSF Railway Company (BNSF) and Union Pacific Railroad (UP). 
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Figure 1.  Project Vicinity  
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Figure 2.  On-Site Alternative  
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Under the On-Site Alternative, BNSF or Union Pacific Railroad (UP) trains would transport coal in 

rail cars from the BNSF main line at Longview Junction to the project area via the BNSF Spur and 

Reynolds Lead. Coal would be unloaded from rail cars, stockpiled and blended, and loaded by 

conveyor onto ocean-going ships at two new docks (Docks 2 and 3) on the Columbia River for export 

to Asia. 

Once construction is complete, the export terminal would have an annual throughput capacity of up 

to 44 million metric tons of coal. 2 The export terminal would consist of one operating rail track, 

eight rail tracks for the storage of rail cars, rail car unloading facilities, stockpile areas for coal 

storage, conveyor and reclaiming facilities, two new docks in the Columbia River (Docks 2 and 3), 

and ship-loading facilities on the two docks. Dredging of the Columbia River would be required to 

provide access to and from the Columbia River navigation channel and for berthing at the two new 

docks.  

Vehicles would access the project area from Industrial Way (State Route 432). Ships would access 

the project area via the Columbia River and berth at one of the two new docks. Trains would access 

the export terminal via the BNSF Spur and the Reynolds Lead. Terminal operations would occur 24 

hours per day, 7 days per week. The export terminal would be designed for a minimum 30-year 

period of operation. 

1.1.2 Off-Site Alternative  

Under the Off-Site Alternative, the export terminal would be developed on an approximately 

220-acre site adjacent to the Columbia River, located in both Longview, Washington, and 

unincorporated Cowlitz County, Washington, in an area commonly referred to as Barlow Point 

(Figure 3). The project area for the Off-Site Alternative is west and downstream of the project area 

for the On-Site Alternative. Most of the project area for the Off-Site Alternative is located within 

Longview city limits and owned by the Port of Longview. The remainder of the project area is within 

unincorporated Cowlitz County and privately owned. 

Under the Off-Site Alternative, BNSF or UP trains would transport coal from the BNSF main line at 

Longview Junction over the BNSF Spur and the Reynolds Lead, which would be extended 

approximately 2,500 feet to the west. Coal would be unloaded from rail cars, stockpiled and blended, 

and loaded by conveyor onto ocean-going ships at two new docks (Docks A and B) on the Columbia 

River. The Off-Site Alternative would serve the same purpose as the On-Site Alternative.  

Once construction is complete, the Off-Site Alternative would have an annual throughput capacity of 

up to 44 million metric tons of coal. The export terminal would consist of the same elements as the 

On-Site Alternative: one operating rail track, eight rail tracks for the storage of rail cars, rail car 

unloading facilities, stockpile areas for coal storage, conveyor and reclaiming facilities, two new 

docks in the Columbia River (Docks A and B), and ship-loading facilities on the two docks. Dredging 

of the Columbia River would be required to provide access to and from the Columbia River 

navigation channel and for berthing at the two new docks.  

 

                                                      
2 A metric ton is the U.S. equivalent to a tonne per the International System of Units, or 1,000 kilograms or 
approximately 2,204.6 pounds. 
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Figure 3.  Off-Site Alternative 
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Vehicles would access the project area via a new access road extending from Mount Solo Road (State 

Route 432) to the project area. Trains would access the terminal via the BNSF Spur and the extended 

Reynolds Lead. Ships would access the project area via the Columbia River and berth at one of the 

two new docks. Terminal operations would occur 24 hours per day, 7 days per week. The export 

terminal would be designed for a minimum 30-year period of operation. 

1.1.3 No-Action Alternative 

Under the No-Action Alternative, the U.S. Army Corps of Engineers would not issue the requested 

Department of the Army permit under the Clean Water Act Section 404 and the Rivers and Harbors 

Act Section 10. This permit is necessary to allow the Applicant to construct and operate the 

proposed export terminal.  

The Applicant plans to continue operating its existing bulk product terminal located adjacent to the 

On-Site Alternative project area, as well as expand this business whether or not a Department of the 

Army permit is issued. Ongoing operations would include storing and transporting alumina and 

small quantities of coal, and continued use of Dock 1. Maintenance of the existing bulk product 

terminal would continue, including maintenance dredging at the existing dock every 2 to 3 years. 

Under the terms of an existing lease, expanded operations could include increased storage and 

upland transfer of bulk products utilizing new and existing buildings. The Applicant would likely 

undertake demolition, construction, and other related activities to develop expanded bulk product 

terminal facilities.  

In addition to the current and planned activities, if the requested permit is not issued, the Applicant 

would intend to expand its bulk product terminal business onto areas that would have been subject 

to construction and operation of the proposed export terminal. In 2014, the Applicant described a 

future expansion scenario under No-Action Alternative that would involve handling bulk materials 

already permitted for off-loading at Dock 1. Additional bulk product transfer activities could involve 

products such as a calcine pet coke, coal tar pitch, cement, fly ash, and sand or gravel. While future 

expansion of the Applicant’s bulk product terminal business might not be limited to this scenario, it 

was analyzed to help provide context to a No-Action Alternative evaluation and because it is a 

reasonably foreseeable consequence of a Department of the Army denial.                 

1.2 Regulatory Setting 
The federal regulations, statutes, and guidance for determining potential impacts on greenhouse gas 

emissions are summarized in Table 1. 

Table 1.  Federal Regulations, Statutes, and Guidance for Greenhouse Gases 

Regulation, Statute, Guideline Description 

National Environmental Policy Act 
(42 USC 4321 et seq.)  

Requires the consideration of potential environmental 
effects. NEPA implementation procedures are set forth in 
CEQ’s Regulations for Implementing NEPA (49 CFR 1105). 

U.S. Army Corps of Engineers NEPA 
Environmental Regulations (33 CFR 230)  

Provides guidance for implementing the procedural 
provisions of NEPA for the Corps. It supplements CEQ 
regulations 40 CFR 1500‒1508.  
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Regulation, Statute, Guideline Description 

Clean Air Act of 1963 (42 USC 7401) In 2007, the U.S. Supreme Court ruled GHGs are air 
pollutants under the Clean Air Act. Massachusetts et al. v. 
Environmental Protection Agency, 549 U.S. 497 (2007).a 

Greenhouse Gas Reporting Program  
(40 CFR 98) 

Owners and operators of certain facilities that directly 
emit GHG as well as for certain suppliers are subject to 
mandatory GHG reporting requirements. For suppliers, 
the GHGs reported are the quantity that would be emitted 
from combustion or use of the products supplied. In 
general, facilities emitting 25,000 metric tons or more of 
GHGs from certain sectors are subject to annual reporting.  

The President’s Climate Action Plan 
(2013) 

Sets forth plan for cutting carbon pollution, preparing for 
the impacts of climate change, and leading international 
efforts to address climate change (Executive Office of the 
President 2013).  

United States Intended Nationally 
Determined Contribution Submittal to 
the United Nations Framework 
Convention on Climate Change  

The United States and other nations submitted Intended 
Nationally Determined Contribution to the United Nations 
in 2015. The United States intends to achieve an economy-
wide target of reducing its greenhouse gas emissions by 
26 to 28% below its 2005 level in 2025 and to make best 
efforts to reduce its emissions by 28% (United Nations 
Framework Convention on Climate Change n.d.). 

Notes: 
a In 2009, EPA proposed the Endangerment Finding and the Cause or Contribute Findings for 

Greenhouse Gases under Section 202(a) of the Clean Air Act. The Endangerment Findings 
determined that the current and projected concentrations for carbon dioxide, methane, nitrous 
oxide, hydrofluorocarbons, perfluorinated chemicals, and sulfur hexafluoride posed a threat to the 
health and welfare of current and future generations (U.S. Environmental Protection Agency 2009). 
This sets the legal foundation for regulating GHG emissions from sources of these six well-known 
GHGs, such as vehicles, industrial facilities, and power plants. 

USC = United States Code; NEPA = National Environmental Policy Act; CFR = Code of Federal 
Regulations; CEQ = Council on Environmental Quality; FR = Federal Register; GHG = greenhouse gas. 

1.3 The Effect of Greenhouse Gases 
The Earth retains outgoing thermal energy and incoming solar energy in the atmosphere, thus 

maintaining heat temperature levels suitable for biological life. This retention of energy by the 

atmosphere is known as the greenhouse effect.3 When solar radiation reaches the Earth, most of the 

solar radiation is absorbed by the Earth’s surface, reflected by the Earth’s surface and atmosphere, 

or—to a lesser degree—absorbed by the Earth’s atmosphere. Simultaneously, the Earth radiates its 

own heat and energy out into the Earth’s atmosphere and space. Factors such as the reflectivity of 

the Earth’s surface, the abundance of water vapor, and the extent of cloud cover affect the degree to 

                                                      
3 The Intergovernmental Panel on Climate Change (2013) defines the greenhouse effect as follows:  

The infrared radiative effect of all infrared-absorbing constituents in the atmosphere. Greenhouse gases, clouds, and 
(to a small extent) aerosols absorb terrestrial radiation emitted by the Earth’s surface and elsewhere in the 
atmosphere. These substances emit infrared radiation in all directions, but, everything else being equal, the net 
amount emitted to space is normally less than would have been emitted in the absence of these absorbers because of 
the decline of temperature with altitude in the troposphere and the consequent weakening of emission. An increase 
in the concentration of greenhouse gases increases the magnitude of this effect; the difference is sometimes called 
the enhanced greenhouse effect. The change in a greenhouse gas concentration because of anthropogenic emissions 
contributes to an instantaneous radiative forcing. Surface temperature and troposphere warm in response to this 
forcing, gradually restoring the radiative balance at the top of the atmosphere. 

https://en.wikipedia.org/wiki/Case_citation
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which solar radiation may be absorbed or reflected. Figure 4 shows the energy flows to and from 

Earth and the role that the greenhouse effect plays in maintaining heat in the atmosphere.  

Figure 4.  Model of the Natural Greenhouse Effect 

 
Source: Intergovernmental Panel on Climate Change 2007 

The extent to which a given greenhouse gas4 traps energy in the atmosphere and contributes to the 

overall greenhouse effect is characterized by its global warming potential (GWP).5 Some gases are 

more effective at trapping heat, while others may be longer-lived in the atmosphere. The reference 

gas against which others are compared is CO2, and GWP is thus expressed in terms of carbon 

dioxide-equivalent (CO2e). The unit CO2e represents both a gas’s ability to trap heat and the rate at 

which it breaks down in the atmosphere. Most analyses use 100 years as the period of reference for 

GWPs, and this technical report conforms to that convention. For example, 1 unit of CO2 has a 100-

                                                      
4 The Intergovernmental Panel on Climate Change (2013) defines greenhouse gas as follows:  

Greenhouse gases are those gaseous constituents of the atmosphere, both natural and anthropogenic, that absorb 
and emit radiation at specific wavelengths within the spectrum of terrestrial radiation emitted by the Earth’s surface, 
the atmosphere itself, and by clouds. This property causes the greenhouse effect. Water vapour (H2O), carbon dioxide 
(CO2), nitrous oxide (N2O), methane (CH4) and ozone (O3) are the primary greenhouse gases in the Earth’s 
atmosphere. Moreover, there are a number of entirely human-made greenhouse gases in the atmosphere, such as the 
halocarbons and other chlorine- and bromine-containing substances, dealt with under the Montreal Protocol. Beside 
CO2, N2O and CH4, the Kyoto Protocol deals with the greenhouse gases sulphur hexafluoride (SF6), 
hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs). 

5 The Intergovernmental Panel on Climate Change (2013) defines Global Warming Potential (GWP) as follows:  
An index, based on radiative properties of greenhouse gases, measuring the radiative forcing following a pulse 
emission of a unit mass of a given greenhouse gas in the present-day atmosphere integrated over a chosen time 
horizon, relative to that of carbon dioxide. The GWP represents the combined effect of the differing times these gases 
remain in the atmosphere and their relative effectiveness in causing radiative forcing. The Kyoto Protocol is based on 
GWPs from pulse emissions over a 100-year time frame, and this time frame has remained the standard within the 
scientific community. 
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year GWP of 1, whereas an equivalent amount of methane has a GWP of 25. Table 2 presents the 

100-year GWPs from the IPCC Fourth Assessment Report (AR4) for the greenhouse gases included 

within the study.6 

Table 2.  Global Warming Potentials 

Greenhouse Gas IPCC AR4 100-Year Global Warming Potential 

Carbon dioxide 1 

Methane 25 

Nitrous oxide 298 

Source: Intergovernmental Panel on Climate Change 2007 

The predominant gases in the Earth’s atmosphere, nitrogen and oxygen (which together account for 

nearly 90% of the atmosphere), exert little greenhouse effect. Some naturally occurring gases, such 

as carbon dioxide (CO2), methane, and nitrous oxide, trap outgoing energy and contribute to the 

greenhouse effect. Additionally, manufactured pollutants, such as hydrofluorocarbons,7 can 

contribute to the greenhouse effect. Most air pollutants8 (e.g., sulfur dioxide and particulate matter) 

are short-lived in the atmosphere and therefore have more of a local or regional impact on air 

quality and the environment. Most greenhouse gases (e.g., carbon dioxide, methane, nitrous oxide) 

are long-lived and become globally mixed in the atmosphere, and therefore affect the atmosphere 

similarly regardless of where they are emitted.9 

The composition of gases in the Earth’s atmosphere determines the amount of energy absorbed and 

re-emitted by the atmosphere versus the amount of energy reflected back into space. Gases which 

absorb and reemit energy into the atmosphere are referred to as greenhouse gases. Greenhouse gas 

emissions occur from both natural as well as anthropogenic (i.e., resulting from or produced by 

human activities) sources. Examples of natural sources include decomposition of organic matter and 

aerobic respiration. Anthropogenic greenhouse gas emissions are predominantly from the 

combustion of fossil fuels, although other sources including industrial processes, land-use change 

(e.g., deforestation), agriculture, and waste management are also significant. 

Atmospheric concentrations of greenhouse gases have increased since the Industrial Revolution, but 

the natural reservoirs of the climate system (e.g., oceans, soils, and forests) that remove certain 

greenhouse gases (e.g., carbon dioxide, methane, nitrous oxide) from the atmosphere do not have 

the capacity to store all of the additional emissions. Additionally, concentrations of long-lived, 
                                                      
6 While additional greenhouse gases (HFCs, PFCs, SF6) were considered for this analysis as per the Council on 
Environmental Quality (2014) guidance, carbon dioxide, methane, and nitrous oxide are the greenhouse gases 
emitted from the fossil fuel combustion and vegetation and wetland activities considered in this study. 
7 Hydrofluorocarbons are any of a class of partly chlorinated and fluorinated hydrocarbons, used as an alternative 
to chlorofluorocarbons in foam production, refrigeration, and other processes. 
8 Per U.S. EPA's Report on the Environment (ROE) (U.S. Environmental Protection Agency 2016a), air pollutant is 
defined as:  

Any substance in air that could, in high enough concentration, harm human health and the environment and cause 
property damage. Air pollutants can include almost any natural or artificial composition of matter capable of being 
airborne—solid particles, liquid droplets, gases, or a combination thereof. Air pollutants are often grouped in 
categories for ease in classification; some of the categories are sulfur compounds, volatile organic compounds, 
particulate matter, nitrogen compounds, and radioactive compounds. 

 
9 Some greenhouse gases like tropospheric ozone have relatively short atmospheric lifetimes and more of a local 
impact.  
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manufactured greenhouse gases —such as hydrofluorocarbons—have increased in recent decades. 

As the atmospheric concentrations of greenhouse gases increase, the atmosphere’s ability to retain 

heat increases as well. Since reliable instrumental record keeping of temperatures in the U.S. began 

in 1895, the U.S. average temperature has risen by approximately 1.3 to 1.9 degrees Fahrenheit (°F) 

(U.S. Global Change Research Program 2014). Furthermore, U.S. average temperatures throughout 

the 21st century are expected to increase at a faster pace, by 2.5°F to 11°F above pre-industrial 

levels by 2100 (U.S. Global Change Research Program 2014). 

Most of the observed increase in global average temperatures since the mid-20th century is very 

likely due to the observed increase in anthropogenic greenhouse gas concentrations 

(Intergovernmental Panel on Climate Change 2007). Any local contribution to this observed increase 

in anthropogenic greenhouse gas concentration in turn contributes to the increase in global average 

temperature. The impacts of higher global surface temperatures include widespread changes in the 

Earth’s climate system. This may affect weather patterns, biodiversity, human health, and 

infrastructure. 

1.4 Study Area 
The study areas are the same for both the On-Site Alternative and Off-Site Alternative. The study 

areas consist of the project areas, those areas in the vicinity of the project that could be affected by 

greenhouse gases resulting from construction and operation of the proposed export terminal, and 

the Lower Columbia River from the project area to the mouth of the river.  
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Chapter 2 
Affected Environment 

This chapter describes the sources of information and methods used to characterize the affected 

environment and assess the potential impacts of the On-Site Alternative, Off-Site Alternative, and 

No-Action Alternative on greenhouse gas emissions. The chapter then discusses the affected 

environment in the project areas of the On-Site Alternative and Off-Site Alternative. 

2.1 Methods 
This section presents the data sources and methods used to estimate project related greenhouse gas 

emissions. First, the data sources that were used are summarized. Second, the methods used to 

estimate each source of greenhouse gas emissions are described. 

2.1.1 Data Sources 

The technical reports supporting this environmental impact statement (EIS) for the Millennium Bulk 

Terminals—Longview project provided activity data and emissions data to support the greenhouse 

gas analysis in the study area. These include, but are not limited to the following reports.  

 NEPA Air Quality Technical Report (ICF International 2016a) 

 NEPA Energy Technical Report (ICF International 2016b) 

 NEPA Vessel Transportation Technical Report (ICF International 2016c) 

 NEPA Vegetation Technical Report (ICF International 2016d) 

 NEPA Rail Transportation Technical Report (ICF International and Hellerworx 2016) 

To estimate the greenhouse gases emitted as a result of the processes described in the above 

referenced reports, analysts used those reports’ estimates of fuel consumption and vehicle 

operation, referred to as “activity data” 10, and combined that data with greenhouse gas emission 

factors to estimate greenhouse gas emissions for the On-Site Alternative or Off-Site Alternative. The 

greenhouse gas emission factors were drawn from the following sources based on representative 

and reputable U.S. Environmental Protection Agency (EPA), regional, and industry sources:  

 California Air Resources Board (CARB). 2011. Appendix D: Emissions Estimation Methodology 

for Ocean-Going Vessels. 

 Clean Cargo Working Group. 2014. Global Maritime Trade Lane Emission Factors. 

 U.S. Environmental Protection Agency. 1996. AP-42, Section 3.4 Large Stationary Diesel and All 

Stationary Dual-fuel Engines.  

                                                      
10 An activity is a practice or ensemble of practices that take place on a delineated area over a given period. Activity 
data are data on the magnitude of a human activity resulting in emissions or removals taking place during a given 
period of time (e.g., data on energy use, data on equipment used during construction of the On-Site Alternative or 
the Off-Site Alternative) (Intergovernmental Panel on Climate Change 2006). 
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 U.S. Environmental Protection Agency. 2009a. NONROAD Model (Non-road engines, equipment, 

and vehicles).  

 U.S. Environmental Protection Agency. 2009b. Emission Factors for Locomotives.  

 U.S. Environmental Protection Agency. 2014a. MOVES (Motor Vehicle Emission Simulator). 

 U.S. Environmental Protection Agency. 2016c. U.S. Greenhouse Gas Inventory Report: 1990–

2014. 

2.1.2 Impact Analysis 

This section describes the methods used to evaluate greenhouse gas emissions related to the On-Site 

Alternative, Off-Site Alternative, and No-Action Alternative. The method for estimating the 

greenhouse gas emissions from each emissions source is described, along with that source’s activity 

data and the calculations used to estimate its associated greenhouse gas emissions. The greenhouse 

gas analysis addresses the same set of sources addressed in the NEPA Air Quality Technical Report 

(ICF International 2016a) and additional sources (e.g., rail transport on the BNSF Spur and Reynolds 

Lead and vessel transport to the mouth of the Columbia River).  

For most emissions sources, the On-Site Alternative and the Off-Site Alternative were calculated 

using the same methods and were determined to be essentially comparable (the difference is less 

than 0.01% of the total). However, emissions from vegetation, soils, and wetlands, rail transport on 

the Reynolds Lead, and vessel transport were considered separately for each alternative due to the 

different locations.  

2.1.2.1 Scope of Analysis 

The On-Site Alternative or Off-Site Alternative would emit greenhouse gases during construction 

and operation. The emissions would come predominantly from the combustion of fossil fuels for 

construction and operation project phases.  

This analysis includes activity data from the technical reports described in the Data Sources section.  

 The following sources of greenhouse gas emissions are not included in this analysis: 

 Vehicle delay at rail crossings from project-related trains. 

 Coal extraction in the Powder River Basin and the Uinta Basin. 

 Rail transport of coal from extraction sites to on main line routes to Longview Junction (junction 

of the BNSF main line and BNSF Spur in Kelso, Washington), located approximately at Mile Post 

101.2 of BNSF’s Seattle Subdivision line, approximately 7.1 miles east of the project area for the 

On-Site Alternative. 

 Helicopter and pilot boat trips for pilot transfers to vessels navigating the Lower Columbia 

River. 

 Vessel transport beyond the mouth of the Columbia River. 

 Burning of fossil fuels in Asia. 
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The greenhouse gas emissions analysis considers the following basic elements. 

 Time horizon. To be consistent with activity data from the other technical reports, this analysis 

considers construction, operation, and transportation emissions from 2018 through 2038.  

 Geographic scope. The geographic scope includes greenhouse gas emissions, occurring because 

of either alternative, at multiple geographic scales. These geographic scales include emissions 

within the project area, and emissions outside the project area. The following activities are 

included within the scope of this analysis: 

 Emissions in the project area 

 Site changes from construction (removal of vegetation, disturbance of soil, and loss of 

wetlands) 

 Equipment use and transportation during export terminal construction  

 Export terminal equipment operation 

 Vessel idling and tugboat use at terminal during operations 

 Rail operation and idling at the terminal during operations 

 Employee commuting to and from the terminal  

 Emissions outside the project area 

 Rail transport on the Reynolds Lead and BNSF Spur  

 Vessel transport to the mouth of the Columbia River 

 Export terminal electricity consumption 

2.1.2.2 Method for Assembling an Emissions Time Series 

Because greenhouse gases accumulate in the atmosphere, a complete assessment of greenhouse 

gases associated with the On-Site Alternative or Off-Site Alternative requires a characterization of 

the greenhouse gases over the analysis period (2018 to 2038). The greenhouse gas analysis 

estimates emissions for each year during this analysis period. 

Assembling a complete emissions time series for the greenhouse gas analysis required interpolation 

of estimates from other studies (i.e., air, and vessel). In particular, the activity data represent 

terminal operations and conditions in 2028, when the facility is expected to be fully operational. 

These data do not reflect the terminal start-up, in which the coal throughput increases from zero 

immediately after construction in 2020 to its full capacity of 44 million metric tons by 2028.  

In order to generate estimates of greenhouse gas emissions for the full time series, the expected coal 

throughput was increased linearly from zero in 2020 to 25 million metric tons in 2025. Between 

2025 and 2028, the throughput was increased linearly at a slightly faster rate to reach full capacity 

at 44 million metric tons (48.4 million short tons). The total coal exports for the analysis period add 

up to 627 million metric tons of coal, including 7 start-up years from 2021 to 2028 and 11 full years 

of operation from 2028 to 2038 (Figure 5). 

Activity data and emissions estimates for the time series are derived only for 2028. It is the 

assumption of this data that emissions estimates are directly proportional to the throughput of 

either alternative and can be expressed as emissions per unit of coal throughput. The total 

greenhouse gas emissions from these sources are calculated by scaling the per-unit emissions by the 

total throughput of either alternative for the entire time series. 
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Figure 5.  Annual Coal Throughput, 2018 to 2038 

 

2.1.2.3 Methods for Estimating Greenhouse Gas Emissions 

The International Panel on Climate Change (IPCC) outlines the method for estimating greenhouse 

gas emissions as follows (2006):  

As with the 1996 Guidelines and IPCC Good Practice Guidance the most common simple 

methodological approach is to combine information on the extent to which a human activity takes 

place (called activity data or AD)11 with coefficients which quantify the emissions or removals per 

unit activity. These are called emission factors (EF).12 The basic equation is therefore: 

Emissions = Activity Data × Emission Factor 

For example, in the energy sector, fuel consumption would constitute activity data, and mass of 

carbon dioxide emitted per unit of fuel consumed would be an emission factor. The basic equation 

can in some circumstances be modified to include other estimation parameters than emission 

factors.  

This general method has been applied to estimate greenhouse gas emissions from activities in the 

project area, and activities outside the project area but within the scope of analysis. Section 2.1.2.3, 

                                                      
11 The Intergovernmental Panel on Climate Change (1997) defines activity data as follows; Data on the magnitude of 
human activity resulting in emissions or removals taking place during a given period of time. 
12 The Intergovernmental Panel on Climate Change (2006) defines emission factor as follows: A coefficient that 
quantifies the emissions or removals of a gas per unity of activity. Emission factors are often based on a sample of 
measured data, averaged to develop a representative rate of emission for a given activity level under a given set of 
operating conditions. 

25

44

0

5

10

15

20

25

30

35

40

45

50
M

ill
io

n
 M

e
tr

ic
 T

o
n
s
 o

f 
C

o
a
l

Annual Coal Throughput (Million Metric Tons)



U.S. Army Corps of Engineers 

 

Affected Environment 

 

 

Millennium Bulk Terminals—Longview 
NEPA Greenhouse Gas Emissions Technical Report 

2-5 
September 2016 

 

 

Methods for Estimating Greenhouse Gas Emissions, addresses calculation methods for each of these 

areas, and Section 3.1, Activities, describes the results.  

Project Area Activities 

This section includes emission factors from the following activities: upland and wetland land-cover 

change,13 export terminal construction, export terminal equipment operation, vessel idling and 

tugboat use at the terminal, rail operation and idling at the terminal, and employee commuting. 

Upland and Wetland Land-Cover Change 

The removal of existing upland and wetland land cover to construct the export terminal has three 

potential impacts on greenhouse gas emissions: the loss of carbon already sequestered by existing 

biomass, dead organic matter, and soils; the loss of on-going carbon sequestration from living 

vegetation that would no longer be present; and the loss of carbon dioxide and methane emissions 

from wetlands that are permanently filled. 

As discussed by IPCC (2007), greenhouse gas emissions and removals for land use includes CO2 

(based on changes in ecosystem carbon stocks) from biomass (e.g., vegetation), dead organic matter 

(e.g., downed branches, leaf litter), and soils, as well as non-CO2 emissions from burning and, 

depending on the land-use category, emissions from other specific sources (e.g., carbon dioxide and 

methane emissions from wetlands). For practicality, basic (i.e., IPCC Tier 1) methods assume that all 

post-disturbance emissions (less removal of harvested wood products) are estimated as part of the 

disturbance event, in the year of the disturbance. For example, rather than estimating the decay of 

dead organic matter left after a disturbance over several years, all post-disturbance emissions are 

estimated in the year of the event. 

To estimate the loss of upland carbon stocks from the net change in upland vegetation cover types 

as a result of construction, estimates of vegetation cover (e.g., aboveground carbon, belowground 

carbon, understory carbon) and soil (e.g., soil organic carbon) carbon stocks in the project area were 

based on average carbon stock per area estimates for Cowlitz County taken from the Carbon Online 

Estimator (National Council for Air and Stream Improvement and the U.S. Department of 

Agriculture, Forest Service 2016). The upland land cover includes forested, scrub-shrub, 

herbaceous, and managed herbaceous vegetation cover types. The average forested carbon stock 

per area value may overestimate the actual forested carbon stocks in the project area because the 

average estimates for Cowlitz County likely include areas with higher carbon stocks (e.g., managed 

production forests). 

These estimates of the carbon stock per area for forested, scrub-shrub, and herbaceous14 upland 

vegetation cover types were multiplied by the corresponding changes in area resulting from the 

construction to estimate the change in carbon stocks associated with construction (e.g., vegetation 

removal and surface soil disturbance) of either alternative. Given the potential high value of the 

forested carbon stock per area value, these emissions estimates likely overestimate the actual 

construction emissions in the project area but are representative for average areas in Cowlitz 

                                                      
13 For the purposes of this analysis, riparian vegetation communities are limited to uplands located in the riparian 
zone; therefore, riparian lands are reported as part of the upland land cover class (ICF International 2016f). 
14 The same carbon stock density was applied for both herbaceous and managed herbaceous vegetation cover types 
because the carbon in both of these systems predominantly resides in the soil. 



U.S. Army Corps of Engineers 

 

Affected Environment 

 

 

Millennium Bulk Terminals—Longview 
NEPA Greenhouse Gas Emissions Technical Report 

2-6 
September 2016 

 

 

County. That said, in the absence of detailed site-level carbon stock surveying, these average values 

are likely representative and conservative—i.e., they overestimate rather than underestimate 

emissions. 

Loss of ongoing carbon sequestration for the forested, scrub-shrub, and herbaceous15 upland 

vegetation cover types were then estimated based on IPCC guidelines (Intergovernmental Panel on 

Climate Change 2006: Volume 4). These estimates of the lost sequestration per area for forested, 

scrub-shrub, and herbaceous16 upland vegetation cover types were multiplied by the corresponding 

changes in area resulting from construction over the analysis period (2018 to 2038) to estimate the 

lost sequestration. 

Table 3 shows the emission factors (lost carbon stock and lost sequestration values) derived for the 

upland land cover type. 

Table 3.  Upland Emission Factors 

Land Cover 
Category 

Vegetation Cover 
Type 

One-time Lost Carbon 
Stock (metric tons 

CO2e/acre) 

Annual Lost Sequestration 
(metric tons 

CO2e/acre/year) 

Upland Forested 510.5 2.8 

Scrub-shrub 325.6 2.8 

Herbaceous 140.7 0 

Managed herbaceous 140.7 0 

Notes: 
GHG = greenhouse gas; CO2e = carbon dioxide equivalent 
Sources: 
One-time lost carbon stock values derived from Carbon On-Line Estimator search result information for Cowlitz 
County (National Council for Air and Stream Improvement and the U.S. Department of Agriculture, 
Forest Service 2016). 
Annual lost sequestration values were taken from IPCC (2006). 

To estimate the loss of wetland carbon stocks, estimates of vegetation cover carbon stocks in the 

project area were again based on average carbon stock per area estimates for Cowlitz County taken 

from the Carbon Online Estimator, with the soil carbon stocks taken from a study by the U.S. 

Department of Agriculture Forest Service (Trettin and Jurgensen 2003). These estimates of the 

carbon stock per area for forested, scrub-shrub, and herbaceous wetland cover types were 

multiplied by the corresponding changes in wetland area resulting from construction to estimate the 

change in carbon stocks associated with construction. 

To estimate the loss of ongoing carbon sequestration for the forested, scrub-shrub, and herbaceous 

wetland vegetation cover types, representative estimates of annual carbon sequestration for 

wetlands assumed similar to those in the project area were taken from a study by Hansen (2009). 

Based on values reported by Trettin and Jurgensen (2003), these annual carbon sequestration 

                                                      
15 The annual carbon sequestration for the forested and scrub-shrub vegetation types was based on the 
aboveground net biomass growth in natural temperate continental forests in North America. The annual carbon 
sequestration for the herbaceous vegetation type was assumed zero because the soil carbon gains and losses were 
assumed to have reached an equilibrium for an established herbaceous system. 
16 The same carbon stock density was applied for both herbaceous and managed herbaceous vegetation cover types 
since the carbon in both of these systems predominantly resides in the soil. 
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estimates were adjusted to include the reduction in annual carbon dioxide and methane emissions 

that would otherwise have been released from the changes in wetland area. 

These adjusted estimates of the lost sequestration and reduction in emissions per area for forested, 

scrub-shrub, and herbaceous wetland vegetation cover types were multiplied by the corresponding 

changes in area resulting from the construction over the analysis period (2018 to 2038) to estimate 

the lost sequestration and reduction in emissions. 

Table 4 shows the emission factors (i.e., lost carbon stock and lost sequestration and reduction in 

emission values) derived for the wetland vegetation cover types. 

Table 4.  Wetland Emission Factors 

Land Cover 
Category 

Vegetation Cover 
Type 

One-time Lost Carbon Stock 
(MtCO2e/acre) 

Annual Lost Sequestration 
(MtCO2e/acre/year) 

Wetland Forested 451.43 −5.51 

 
Scrub-shrub 266.52 −2.12 

 
Herbaceous 81.61 1.26 

Notes: 
GHG = greenhouse gas; CO2e = carbon dioxide equivalent, MtCO2e = metric tons of carbon dioxide equivalent 
Sources: 
One-time lost carbon stock values were derived from Carbon On-Line Estimator search result information for 
Cowlitz County (NCASI and USDA Forest Service 2016), with the soil carbon stocks taken from a study by the 
Trettin and Jurgensen (2003) 
Annual lost sequestration values were taken from a study by Hansen (2009), adjusted to include the reduction in 
annual carbon dioxide and methane emissions taken from Trettin and Jurgensen (2003) 

Export Terminal Construction 

Emission factors were applied to the maximum numbers of pieces of equipment operated, duration 

of use, and horsepower, to obtain annual emissions. Table 5 provides information on the emission 

factors for construction equipment.  

The impact of construction employee commuting was calculated using the MOVES model (U.S. 

Environmental Protection Agency 2014a), assuming construction workers would use single-

occupant vehicles with a mean round-trip travel time of 48.2 minutes (U.S. Census Bureau 2016). 

The analysis assumes the 200 workers would be commuting during construction. At an estimated 

speed of 35 miles per hour, this amounts to approximately 1.5 million miles per year traveled. This 

distance was multiplied by emission factors for typical commuting vehicles provided by the MOVES 

model to calculate annual emissions.17 

For the construction barges (operating under their own power or pushed/towed by another vessel), 

emissions were calculated using the EPA’s AP-42 method for large diesel engines (U.S. 

Environmental Protection Agency 1996). The analysis assumes the construction barges would have 

a positioning time of 1 hour with 1 round trip per day, 5 days per week, 52 weeks per year. 

Summaries of the barge activity and emission factors are available in Tables 6 and 7, respectively. 

                                                      
17 The analysis assumes a 50/50 mix of gasoline and E-85 (a mixture of 85% ethanol fuel and 15% gasoline or other 
hydrocarbon) for construction employee commuting vehicles. 
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Table 5.  Construction Equipment Activity Data and Emission Factors 

Equipment Type Engine Size Fuel Type 
Number of 

Units 
Emission Factor 

(MtCO2e/year per Unit)c 

Crane, 50-ton 165 Diesel 2 109.3 

Crane, 150-ton 280 Diesel 2 183.0 

Crane, 300-ton 450 Diesel 1 195.4 

Water trucks 350 Diesel 1 98.8 

Dump trucks 350 Diesel 4 98.8 

Dozers 185 Diesel 0.4 396.5 

Excavators 230 Diesel 2 886.6 

Rollers 350 Diesel 3.8 100.3 

Graders 185 Diesel 1.8 132.7 

Compactors 25 Diesel 3.8 0.2 

Track laying machine a Diesel 0.5 416.8 

Drill Rigs (NONROAD 
Default)b 

Diesel 1.2 57.1 

Impact Piling Rigs (NONROAD 
Default)b 

Diesel 3 57.1 

Loaders 140 Diesel 1 416.8 

Generator 30 Diesel 6 108.8 

Air Compressor 25 Diesel 6 0.3 

Notes: 
a Assumes track-laying machine uses one diesel locomotive and one front end loader engine. 

Assumes full-time locomotive used 4 hours/day, 5 days/week. 
b Horsepower and weight estimates are based on capacity ratings and industry specifications, or 

average ratings per equipment type. Where horsepower could not be assumed, an average 
horsepower rate in NONROAD for the equipment type was used. 

c To calculate total emissions, this emission factor is multiplied by 1.5 years to estimate the emissions 
for 18 months of construction. 

Source: ICF International 2016b 
MtCO2e = metric tons of carbon dioxide equivalent 

Table 6.  Barge Activity and Energy Use for Terminal Construction 

Barge Activity Energy Consumption Variables 

Barges used 2 

Engine size (propulsion) 3,500 hp 

Positioning time 1 hour 

Total power per trip 7,000 hp 

Construction trips 260 trips per year 

Annual power 1,820,000 MMBtu per year 

Notes: 
Source: ICF International 2016b 
hp = horsepower; MMBtu= million British thermal units per year 
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Table 7.  Emission Factors for Construction Barges 

Greenhouse Gas kgCO2e per MMBtu Emission Factor (MtCO2e/ 1,000 gallons) 

Carbon dioxide 74.8 10.23 

Methane 0.1 0.1 

Nitrous oxide 0.1 0.1 

Total 75.0 10.25 

Notes: 
Source: U.S. Environmental Protection Agency 1996 
kgCO2e = kilograms of carbon dioxide equivalent; MMBtu = million British thermal units; MtCO2e = metric tons of 
carbon dioxide equivalent 

Emissions from trucks hauling construction material to the project area were estimated by 

determining the annual miles traveled for trucks going to and from the construction site and then 

multiplying those miles traveled by a per-mile emission factor from EPA’s MOVES model. The peak 

annual trips for either alternative are assumed to be 56,000 round trips (URS 2015). Short-haul 

combination tractor-trailer trucks were assumed to move construction material with 47 roundtrip 

miles of travel in the county. The greenhouse gas emission factor was taken from a MOVES model 

run for Cowlitz County, Washington, for the year 2018 (i.e., 1,561 to 1,930 grams of CO2e per mile, 

depending on operating conditions). 

Export Terminal Equipment Operation 

Emissions from mobile combustion sources during operations were estimated by first determining 

the equipment necessary for typical operation and maintenance and then using the NONROAD 

model (U.S. Environmental Protection Agency 2009a) to estimate annual exhaust emissions from 

that mobile equipment (Table 8). 

Table 8.  Export Terminal Equipment and Emission Factors for Construction Equipment Typically 
Used for Industrial Site Construction. 

Equipment Type 
Engine Size 

(hp) Fuel Type 
Number of 

Units 
Emission Factor 

(MtCO2e/year per Unit) 

Loader 300 Diesel 1 671.7 

Bobcat 50 Diesel 2 16.6 

10-Ton Truck 300 Diesel 2 98.8 

Crane 50 Diesel 1 0.0 

Forklift 40 Propane 1 0.1 

Maintenance Trucks 300 Gasoline 4 0.2 

Notes: 
Source: U.S. Environmental Protection Agency 2009a 
MtCO2e = metric tons of carbon dioxide equivalent; hp = horsepower 

Vessel Idling and Tugboat Use at Terminal 

Sources of greenhouse gas emissions from vessel idling and tugboat use of the terminal include 

current vessel operations at the terminal, as vessels use main and auxiliary motors to maneuver in 

and out of the loading area. Additionally, this source includes fossil fuel combustion emissions from 

tugboats that are used to assist in vessel maneuvering at the project area.  

Greenhouse gas emissions from vessel idling and tugboat use were calculated by estimating the 

power consumed by idling vessels, converting the power demand into fuel consumption, and 
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multiplying that fuel consumption by a fuel combustion emission factor. An average of 13 hours 

would be needed to load each vessel with coal, and during this period the vessel would be hoteling 

using auxiliary engines. For each vessel, the typical main and auxiliary engine size was based on 

Lloyd’s Register of Ships Sea-web, which has a database of ship characteristics for ships over 100 

gross tons (Sea-web 2015). Each vessel receiving coal is assumed to need three tugs to maneuver 

the ship. These tugs would operate for 3 hours to assist with docking and departing. The time spent 

operating the vessels in each mode multiplied by the estimated engine load and size provided the 

power demand for both the idling vessels and tugboats. The power demand was then multiplied by 

the emission factors provided in Table 9. 

Table 9.  Emission Factors for Idling Vessels and Tugboats 

Greenhouse Gas 
Main Engine Emission Factor 

(g CO2e per kWh) 
Auxiliary Engine Emission Factor 

(g CO2e per kWh) 

Carbon dioxide 588 690 

Methane 1.75 2.25 

Nitrous oxide 0.12 0.12 

Total 590 692 

Notes: 
Source: California Air Resources Board 2011 
gCO2e = grams of carbon dioxide equivalent; kWh = kilowatt-hours 

Rail Operation and Idling at Terminal 

For rail operations that occur within the project area, the greenhouse gas analysis includes three 

sources of emissions: trains traveling around the 1.65 mile loop, the on-site idling of coal trains, and 

the operation of a switch locomotive. The analysis assumes it takes 1.85 hours to unload a 125-car 

unit train, each train has a 5-hour idle period prior to departing the facility, and the switch 

locomotive operates for 8 hours a day. This emissions source includes the sum of these three 

activities. 

Emission factors for line-haul locomotives are based on projected changes in the locomotive fleet 

over the next 30 years (U.S. Environmental Protection Agency 2009b). These emission factors are 

based on engine load and associated fuel consumption during transport to and from the facility, time 

to unload coal from the train cars, and total annual coal throughput. The power demand is 

proportional to engine load, which varies in intensity depending on whether the locomotive is 

hauling freight or idling. The fuel consumption is estimated based on the power demand, which is 

estimated based on the engine load and duration of the activity. That fuel consumption is then 

multiplied by fuel combustion emission factors for locomotives as provided in Table 10. 

Table 10.  Emission Factors for Locomotives  

Greenhouse Gas Emission Factor (MtCO2e/ 1,000 gallons) 

Carbon dioxide 10.22 

Methane 0.02 

Nitrous oxide 0.08 

Total 10.31 

Notes: 
Source: U.S. Environmental Protection Agency. 2009b.  
MtCO2e = metric tons of carbon dioxide equivalent 
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Employee Commuting 

The greenhouse gas emissions from permanent employee commuting to the project area were 

calculated using the MOVES model (U.S. Environmental Protection Agency 2014a), assuming 

employees would use single-occupant vehicles with a mean round-trip travel time of 48.0 minutes 

(U.S. Census Bureau 2016). The analysis assumes that there will be 135 permanent employees 

associated with the proposed project. Over the course of the year it was estimated this amounts to 

approximately 1 million miles per year traveled. This distance was multiplied by emission factors 

for typical commuting vehicles provided by the MOVES model to calculate annual emissions.18 

Activities Outside the Project Area 

This section includes emission factors from the following activities: rail operation beyond the 

project area, vessel transport to the mouth of the Columbia River, and electricity consumption. 

Rail Operation beyond the Project Areas 

Sources of greenhouse gas emissions from rail transport of coal beyond the project area include 

diesel combustion emissions from the operation of locomotives between the project area and BNSF 

main line on the Reynolds Lead and BNSF Spur. Greenhouse gas emissions from rail transport were 

estimated using the same approach as for the transport within the project area and use the same 

emission factors as those for rail operation within the project area (Table 10).  

Vessel Transport to the Mouth of the Columbia River 

Sources of greenhouse gas emissions from vessel transport along the Lower Columbia River consist 

of fossil fuel combustion associated with current vessel transport between the project areas and 

mouth of the Columbia River,19 an approximately 62.8 mile distance for the On-Site Alternative and 

approximately 61.3 mile distance for the Off-Site Alternative that is included twice to account for 

incoming and outgoing vessels. These distances include 11.3 miles within Cowlitz County for the 

On-Site Alternative (9.9 miles for the Off-Site Alternative). Greenhouse gas emissions from vessel 

transport were calculated using the same method as were air emissions, and are summarized in the 

NEPA Air Quality Technical Report (ICF International 2016a). This analysis assumes the export 

terminal would be serviced by a mix of Panamax (80%) and Handymax (20%) vessels. To 

incorporate this assumption, the engine size was considered a weighted average of Panamax and 

Handymax vessels. For each vessel, the typical main and auxiliary engine size was based on Lloyd’s 

Register of Ships Sea-web, which has a database of ship characteristics for ships over 100 gross tons 

(Sea-web 2015). 

Greenhouse gas emissions from vessels in transit within Cowlitz County were calculated by 

estimating the energy consumed by vessels exiting Cowlitz County, which was a factor of the time 

each ship would spend traveling, maneuvering, and hoteling within the county, the engine size, and 

engine load for loaded ships in transit. The annual energy demand was multiplied by an emission 

factor for main engine vessel use for loaded transit. The transit time within Cowlitz County was 

assumed to be 1.8 hours, including coming in and going out. The annual energy demand was then 

                                                      
18 The analysis assumes a 50/50 mix of gasoline and E-85 for employee commuting vehicles. 
19 Emissions from vessel transport to the river mouth are included in the boundary to be consistent with other 
technical reports for this project. 
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calculated based on the engine size of the vessels and engine load and multiplied by the emission 

factors for vessels in transit provided in Table 11. 

Table 11.  Emission Factors for Vessels in Transit within Cowlitz County 

Greenhouse Gas 
Main Engine Emission Factor 

(g CO2e per kWh) 
Auxiliary Engine Emission Factor 

(g CO2e per kWh) 

Carbon dioxide 588 690 

Methane 1.75 2.25 

Nitrous oxide 0.12 0.12 

Total 590 692 

Notes: 
Source: California Air Resources Board 2011 
kgCO2e = kilograms of carbon dioxide equivalent; kWh = kilowatt-hours 

Greenhouse gas emissions from the Cowlitz County border to the mouth of the Columbia River were 

calculated by first calculating the ton-miles of shipping, then multiplying that amount by a per-ton-

mile emission factor for cross-Pacific Ocean transport. This approach was taken due to the 

uncertainty of the duration of the trip over longer distances, which creates uncertainty when using 

estimates that rely on hours of engine operation. The emission factor for long-distance vessel 

transport of coal is derived from an emission factor for the unrefrigerated shipping of bulk cargo in 

Asia, provided in units of CO2e per each 20-foot equivalent unit of cargo transported 1 mile. A 20-

foot equivalent unit refers to a unit of cargo capacity such as an intermodal container. For coal, this 

unit is estimated to hold 26 short tons (Rodrigue 2012). Table 12 shows the calculation of emission 

factors for long-distance vessel transport. 

Table 12.  Calculation of the Emission Factor for Long-Distance Vessel Transport of Coal 

Factor Magnitude 

Shipping emission Factor, Intra-Asiaa 87.5 g CO2e/TEU-km 

Coal per TEU, full capacityb 26 short tons 

Shipping emission factor, Intra-Asia 0.005 kg CO2e/ton-mile 

Notes: 
a Clean Cargo Working Group 2014 
b Rodrigue 2012  

TEU = 20-foot equivalent unit—a unit of cargo capacity which denotes one intermodal container; CO2e/TEU-km = 
carbon dioxide equivalent per 20-foot equivalent unit per kilometer 

Electricity Consumption 

Sources of greenhouse gas emissions for electrical generation include fuel combustion emissions at 

off-site power plants to produce electricity consumed at the terminal site. The local energy grid 

would provide electricity for operation of the terminal facilities. To derive additional greenhouse gas 

emissions from electricity consumption for export terminal operations, the electricity fuel mix for an 

average water year20 was obtained from the Cowlitz Public Utility District (PUD). Emission factors 

for each fuel type were then derived from individual plant data for each fuel in the Western 

Electricity Coordinating Council Northwest subregion as provided in the Emissions & Generation 

                                                      
20 Since Cowlitz County’s fuel supply is primarily made up of hydro resources, a significantly drier or wetter year 
will affect the fuel mix for the region. 
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Resource Integrated Database (eGRID). These individual fuel emission factors were combined using 

the Cowlitz PUD fuel mix to obtain a weighted average emission factor to apply to electricity 

consumption from the On-Site Alternative or Off-Site Alternative. Table 13 provides the fuel mix and 

emission factors used to derive greenhouse gas emissions from electricity consumption for coal 

export terminal operations. 

Table 13.  Average Fuel Mix and Fuel-Specific Emission Factor for the Cowlitz PUD Region 

Fuel Source 

Share of 
Electricity 

Fuel Mix (%) 

Carbon 
Dioxide (kg 
CO2e/MWh) 

Methane 
(kg CO2e/MW) 

Nitrous Oxide 
(kg CO2e/MWh) 

Total 
(kg CO2e/ 

MW) 

Hydro 84.64% 0 0 0 0 

Nuclear 9.70% 0 0 0 0 

Wind 2.66% 0 0 0 0 

Coal 2.08% 1,095.8 0.3 5.5 1,101.5 

Natural Gas 0.79% 436.8 0.2 0.3 437.3 

Othera 0.13% 302.0 0.1 1.4 303.5 

Weighted 
Average 100% 26.6 0.01 0.1 26.8 

Notes: 
a Other is made up of biomass, cogeneration, geothermal, landfill gas, petroleum, solar, and waste incineration. 
Source: Cowlitz PUD 2015, U.S. Environmental Protection Agency 2015a 

2.2 Affected Environment 
The affected environment related to greenhouse gas emissions in the study areas is described below. 

 Project Area for the On-Site Alternative. The project area for the On-Site Alternative is 

described in Section 1.1.1, On-Site Alternative. Existing greenhouse gas emissions in the project 

area are primarily related to the ongoing hazardous waste cleanup activities, emissions 

generated from electricity consumption for the Applicant’s administration building, and 

emissions from on-site vehicles.  

 Project Area for the Off-Site Alternative. The Off-Site Alternative project area is described in 

Section 1.1.2, Off-Site Alternative. Greenhouse gas emissions in the project area for the Off-Site 

Alternative are primarily related to the rural residential land uses and small-scale farming. 

 Reynolds Lead and BNSF Spur. Approximately seven trains per day each consisting of 

approximately 78 cars typically pass between the BNSF Spur and main line (ICF International 

and Hellerworx 2016). Assuming the trains haul 121 metric tons of material per rail car, use two 

locomotives, and travel 23.4 miles through Cowlitz County to and from the north on the main 

line, the annual emissions from those trains are currently 7,652 metric tons of CO2e. Baseline 

traffic on the Reynolds Lead at the project areas in Cowlitz County is about two trains per day. 

Assuming the trains traveling on the Reynolds Lead also haul 121 metric tons of material per 

rail car, use one locomotive, and travel the approximately 5-mile length of the Reynolds Lead, 

the annual emissions from those trains are currently 1,635 metric tons of CO2e. These totals 

include trains delivering grain and connecting to other port facilities.  
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 Columbia River. Greenhouse gas emissions on the Columbia River are primarily related to 

vessel traffic. The NEPA Vessel Transportation Technical Report (ICF International 2016c) 

provides estimates of existing vessel traffic by vessel type.  
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Chapter 3 
Impacts 

This chapter describes activities that would emit greenhouse gases during construction and 

operation of the export terminal, and greenhouse gas emissions that would result from construction 

and operation of the On-Site Alternative, Off-Site Alternative, or No-Action Alternative. 

3.1 Activities 
This section describes activities in the project areas, and activities outside the project areas, that 

would emit greenhouse gases during construction and operation of the On-Site Alternative or 

Off-Site Alternative and fall within the project scope of analysis. 

3.1.1 Project Area Activities 

The following subsections describe activities in the project areas of the On-Site Alternative and 

Off-Site Alternative that would emit greenhouse gases during construction and operation. 

3.1.1.1 Upland and Wetland Land-Cover Change 

The removal of vegetation, disturbance of surface soil, and infilling of wetlands associated with 

clearing and grading during construction of the On-Site Alternative or Off-Site Alternatives would 

affect carbon stocks, carbon sequestration, and wetland emissions. This vegetation removal, soil 

disturbance, and wetland loss would result in the one-time loss of accumulated carbon stocks—

resulting in a corresponding gain in CO2 emissions—would eliminate ongoing carbon 

sequestration—resulting in a corresponding CO2 emissions debt each year during the analysis 

period (2018 to 2038)—and would reduce carbon dioxide and methane emissions—resulting in a 

corresponding CO2e emissions credit each year during the analysis period (2018 to 2038). For more 

information on the land cover types, vegetation cover types, and changes in area resulting from 

construction, see the NEPA Vegetation Technical Report (ICF International 2016d). Tables 14 and 15 

summarize the changes in Upland and Wetland land cover area by vegetation cover type resulting 

from the construction of the On-Site Alternative or Off-Site Alternative, respectively. 
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Table 14.  Changes in Upland and Wetland Land Cover Area by Vegetation Cover Type – On-Site 
Alternative 

Land Cover Category Vegetation Cover Type Change in Area (Acres) 

Upland Forested 8.90 

Scrub-shrub 2.11 

Herbaceous 10.88 

Managed herbaceous 4.37 

Upland total 26.26 

Wetland Forested 6.28 

Scrub-shrub 0.57 

Herbaceous 17.25 

Wetland total 24.10 

Total 50.36 

Notes: 
Source: ICF International 2016e 

Table 15.  Changes in Upland and Wetland Land Cover Area by Vegetation Cover Type – Off-Site 
Alternative 

Land Cover Category Vegetation Cover Type Change in Area (Acres) 

Upland Forested 6.74 

Scrub-shrub 4.42 

Herbaceous 126.57 

Managed herbaceous 17.73 

Upland Total 155.46 

Wetland Forested 17.1 

Scrub-shrub 1.2 

Herbaceous 33.0 

Wetland Total 51.28 

Total 206.74 

Notes: 
Source: ICF International 2016e 

3.1.1.2 Export Terminal Construction 

Sources of greenhouse gas emissions from construction would include operation of construction 

equipment and the vehicles to bring employees and construction materials to the project area of the 

On-Site Alternative or Off-Site Alternative. Fossil fuels would be combusted for the operation of 

construction equipment used for demolition and earthwork to prepare the site. Table 16 

summarizes the required equipment and estimated duration of use.  
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Table 16.  Major Construction Activities and Typical Equipment Fleetsa 

Construction 
Equipment Type 

Rail Infrastructure and 
Rotary Car Dump Station 

Conveyors, Transfer 
Stations and Surge Bins 

Shiploader, Dock, 
and Trestles 

Max Qty. 
per Month 

Duration 
(months) 

Max Qty. 
per Month 

Duration 
(months) 

Max Qty. 
per Month 

Duration 
(months) 

Mobile cranes  
(25‒50 ton) 

2 18 2 18 2 18 

Mobile cranes  
(50‒150 ton) 

2 18 2 18 2 18 

Mobile cranes  
(150‒300 ton) 

1 18 1 18 1 18 

Water trucks  1 12 1 12 0 0 

Dump trucks 3 12 1 12 0 0 

Dozers 1 5 0 0 0 0 

Excavators 1 9 2 12 1 3 

Rollers 2 9 2 12 1 3 

Graders 2 9 0 0 1 3 

Compactors 2 9 2 12 1 3 

Track laying machine 1 2 0 0 0 0 

Drill rigs 1 2 2 6 0 0 

Impact piling rigs 2 6 2 6 2 6 

Loaders 1 12 1 12 1 9 

River barge 0 0 0 0 2 18 

Generator 2 18 2 18 2 18 

Air compressor 2 18 2 18 2 18 

Notes: 
a Typical construction fleet may be modified with equivalent items as construction activities demand. 
Sources: URS 2014; ICF International 2016b 

Combustion emissions estimates were obtained from the NONROAD emissions model 

(U.S. Environmental Protection Agency 2009a) for the nonroad equipment. Construction activity 

was assumed to occur 8 hours per day, 5 days a week, 52 weeks per year, with the exception of the 

track- laying machine, which would operate 4 hours per day.  

3.1.1.3 Export Terminal Equipment Operation 

Sources of greenhouse gas emissions from equipment operation include fossil fuel emissions. 

Examples of equipment used for terminal operation include loaders, maintenance vehicles, and 

cranes. This equipment uses diesel, gasoline, and propane fuels (Table 17). 



U.S. Army Corps of Engineers 

 

Impacts 
 

 

Millennium Bulk Terminals—Longview 
NEPA Greenhouse Gas Emissions Technical Report 

3-4 
September 2016 

 

 

Table 17.  Export Terminal Equipment 

Equipment Type Engine Size (hp) Fuel Type Number of Units 

Loader 300 Diesel 1 

Bobcat 50 Diesel 2 

10-Ton Truck 300 Diesel 2 

Crane 50 Diesel 1 

Forklift 40 Propane 1 

Maintenance Trucks 300 Gasoline 4 

Notes: 
Source: U.S. Environmental Protection Agency 2009a 
MtCO2e = metric tons of carbon dioxide equivalent; hp = horsepower 

3.1.1.4 Vessel Idling and Tugboat Use  

Vessels use main and auxiliary motors to maneuver in and out of the loading area. For each vessel, 

the typical main and auxiliary engine size was based on Lloyd’s Register of Ships Sea-web, which has 

a database of ship characteristics for ships over 100 gross tons (Sea-web 2015). Additionally, 

tugboats are used to assist in vessel maneuvering at the project areas for the On-Site Alternative and 

Off-Site Alternative. The greenhouse gas analysis assumes three tugboats per vessel are used, and 

840 vessels travel to the project areas each year. 

3.1.1.5 Rail Operation  

Locomotive operations include trains traveling around the 1.65-mile loop within the project areas, 

on-site idling of trains, and the operation of a switch locomotive to move cars and assemble trains 

for departure. The analysis assumes it would take 1.85 hours to unload a 125-car unit train, each 

train has a 5-hour idle period prior to departing the facility, and the switch locomotive would 

operate for 8 hours a day. 

3.1.1.6 Employee Commuting 

Greenhouse gas emissions from employee commuting include the emissions from fossil fuel 

combustion associated with the daily commuting traffic for employees to and from the project areas. 

The greenhouse gas analysis assumes employees would use single-occupant vehicles with a mean 

round-trip travel time of 48.2 minutes (U.S. Census Bureau 2016). The analysis also assumes that 

there are 135 employees, with 25 commuting 5 days per week and 110 commuting 7 days per week. 

At an estimated speed of 35 miles per hour, this level of commuting amounts to 1,092,051 miles per 

year traveled. 

3.1.2 Activities Ouside the Project Area 

The following subsections describe activities outside the project areas of the On-Site Alternative and 

Off-Site Alternative that would emit greenhouse gases during operation. 
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3.1.2.1 Rail Transport 

At the peak of operations, an average of 16 trains (8 loaded trains arriving, 8 empty trains 

departing) would travel between the project areas and BNSF main line on the Reynolds Lead and 

BNSF Spur each day (Table 18).  

Table 18.  Rail Transport Distances  

Rail Route Loaded Train Distance 
(Miles) 

Empty Train Distance 
(Miles) 

Longview Junction to project areas 7.1 (On-Site Alternative) 
7.6 (Off-Site Alternative) 

7.1 (On-Site Alternative) 
7.6 (Off-Site Alternative) 

Notes: 
Source: Distances estimated via GIS mapping 

3.1.2.2 Vessel Transport  

Sources of greenhouse gas emissions from vessel transport along the Columbia River include fossil 

fuel combustion associated with current vessel transport between the project areas and the mouth 

of the Columbia River, an approximately 62.8-mile distance for the On-Site Alternative and 

approximately 61.3-mile distance for the Off-Site Alternative for 840 vessels that is included twice to 

account for incoming and outgoing vessels. Greenhouse gas emissions from vessel transport were 

calculated using the same method as were air emissions, and are summarized in the NEPA Air 

Quality Technical Report (ICF International 2016a). This analysis assumes that the export terminal 

would be serviced by a mix of Panamax (80%) and Handymax (20%) vessels. For the Panamax 

vessels, an engine size of 16,368 horsepower and 3,039 horsepower are used for the main engine 

and auxiliary engine, respectively. For the Handymax vessels, an engine size of 10,153 horsepower 

and 1,885 horsepower are used for the main engine and auxiliary engine, respectively (Sea-web 

2015). 

3.1.2.3 Electricity Consumption 

Operation of the On-Site Alternative and Off-Site Alternative would consume electricity. Although 

electricity would be consumed within the project area, the greenhouse gas emissions resulting from 

this consumption would occur at power plants outside the project area. The annual energy use for 

the existing bulk product terminal within the Applicant’s leased area is assumed similar to the 

power demand for the On-Site Alternative and Off-Site Alternative (Chaney pers. comm.). Table 19 

presents the monthly and annual electricity demand. 

Table 19.  Monthly and Annual Electricity Demand  

Time Period Usage Unit 

Monthly 552,000 kWh 

Annual 6,624 MWh 

Notes: 
Source: Chaney pers. comm. 
kWh = kilowatt hour; MWh = megawatt hour 
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3.2 Impacts 
This section presents the greenhouse gas emissions for the On-Site Alternative or Off-Site 

Alternative. These emissions represent the increase in emissions above existing emissions. The 

greenhouse gas emissions are presented in terms of the 2028 emissions (the first year of assumed 

full export capacity operation for the terminal) and total emissions over the analysis period (2018 to 

2038). From 2021 to 2028, the coal capacity of the terminal is assumed to linearly ramp up to full 

capacity, and greenhouse gas emissions are scaled accordingly during this time. The total emissions 

are the sum of emissions for the analysis period, including construction beginning in 2018 and 

operation through 2038. The results are presented by emissions sources. The source emissions are 

then combined into an estimate of total greenhouse gas emissions. 

3.2.1 Project Areas 

This section presents greenhouse gas emissions in the project areas for the On-Site Alternative and 

Off-Site Alternative.  

3.2.1.1 Upland and Wetland Land-Cover Change 

The vegetation removal, soil disturbance, and wetland loss associated with construction of the 

On-Site Alternative or Off-Site Alternative would result in the loss of carbon stocks, the loss of 

ongoing carbon sequestration, and a reduction in annual emissions in the case of certain wetland 

vegetation cover types over the analysis period (2018 to 2038). Table 20 presents the estimated 

emissions associated with construction of the On-Site Alternative or Off-Site Alternative. 

Table 20.  Vegetation Removal, Soil Disturbance, and Wetland Loss Emissions (MtCO2e) 

Emissions Source On-Site Alternative Off-Site Alternative 

Emissions During 12-Month Construction Period 11,771 35,908 

Annual Emissions, 2028 17 −24 

Total Emissions, 2018‒2038 12,121 35,406 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 
Vegetation Removal, Soil Disturbance, and Wetland Loss emissions represent the total emissions resulting from 
the proposed project emission sources, including: (1) loss of accumulated carbon stocks during construction,; (2) 
lost sequestration from removed vegetation that increases emissions,; and (3) reduction in carbon dioxide and 
methane emissions from permanently filled wetlands. 

For construction of the On-Site Alternative, carbon stocks losses are estimated to be 11,771 metric 

tons of CO2e and total (2018 to 2038) emissions are estimated to be 12,121 metric tons of CO2e 

(which includes GHG emissions of 350 metric tons of CO2e from lost sequestration/wetland 

emissions reductions). 

For construction of the Off-Site Alternative, carbon stocks losses are estimated to be 35,908 metric 

tons of CO2e and total (2018 to 2038) emissions are estimated to be 35,406 metric tons of CO2e. This 

estimate includes GHG emissions of −50221 metric tons CO2e (i.e., a reduction in emissions) that 

occur beyond the initial vegetation removal and surface soil disturbance. These emissions are due to 

                                                      
21 -502 MtCO2e is calculated from -23.9 MtCO2e per year over the 21 year lifetime of the project. 
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the change in emissions from lost sequestration and the ceasing of greenhouse gas emissions from 

the lost wetlands. While lost sequestration results in an increase in emissions, these emissions are 

outweighed by the loss of wetlands and the ceasing of carbon dioxide and methane emissions 

associated with these wetlands. 

The Off-Site Alternative would have a substantially larger change in area resulting from construction 

(207 versus 50 acres) than the On-Site Alternative as well as a substantially different change in 

wetland area (51.3 versus 24.1) and wetland area make-up. The reduction in ongoing wetlands 

carbon dioxide and methane emissions for the Off-Site Alternative would be larger than lost 

sequestration; this results in the negative annual emissions value. 

3.2.1.2 Export Terminal Construction 

Export terminal construction emissions, unlike the other sources evaluated, occur only during an 

18-month period prior to the operation. The analysis assumes the 18-month construction period 

would occur between 2018 and 2020. For the purposes of estimating emissions associated with 

export terminal operation, the analysis assumes construction would be completed by 2021. The 

emissions from the operation of construction equipment (Table 21) would exceed those of the 

barges used for bringing construction materials to the project area.  

Table 21.  Export Terminal Construction Emissions (MtCO2e)22 

Emissions Source 

Emissions During 
12-Months of 
Construction 

Period 

Total Emissions, 
2018‒2020a (On-

Site Alternative and 
Off-Site Alternative) 

Construction Equipment 5,349 8,024 

Employee Commuting 465 698 

Construction Trucks Carrying Materials to Project Area 1,081 1,621 

Construction Barges Carrying Materials to Project Area 955 1,433 

Subtotal 7,851 11,776 

Notes: 
a Construction emissions occur over an 18-month period prior to the operation of the terminal; therefore, 

emissions from 2021 through 2038 are zero. Given the 18-month period for construction, total construction 
emissions are those for the 12-month period multiplied by 1.5. 

MtCO2e = metric tons of carbon dioxide equivalent 

3.2.1.3 Export Terminal Equipment Operations 

After the start-up period, greenhouse gas emissions from mobile equipment used for routine 

operation of the export terminal would remain constant throughout the time series (Table 22). The 

operations and maintenance equipment includes loaders, trucks, bobcats, forklifts, and cranes. 

                                                      
22 Both the On-site and Off-site Alternative would result in the same amount of construction related emissions. 
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Table 22.  Export Terminal Operation Emissions from Mobile Combustion (MtCO2e) 

Period 
On-Site Alternative and Off-Site 

Alternative 

Annual Emissions, 2028 903 

Total Emissions, 2018‒2038 12,894 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 

3.2.1.4 Vessel Idling and Tugboat Use  

Table 23 shows that tugboats emit approximately twice as many greenhouse gas emissions as idling 

vessels. After the start-up period, emissions from idling vessels and tugboats would remain constant 

throughout the time series.  

Table 23.  Emissions from Vessel Idling and Tugboat Use at Terminal (MtCO2e) 

Emissions Source 
On-Site Alternative and Off-Site 
Alternative 

Vessel Idling at Terminal 

Annual Emissions, 2028 2,498 

Total Emissions, 2018‒2038 35,660 

Tugboat Operation 

Annual Emissions, 2028 4,840 

Total Emissions, 2018‒2038 69,081 

Subtotal 

Annual Emissions, 2028 7,338 

Total Emissions, 2018‒2038 104,740 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 

3.2.1.5 Rail Operation 

Table 24 summarizes rail emissions in the project areas.  

Table 24.  Project Area Locomotive Operation Emissions (MtCO2e) 

Emissions Source 
On-Site Alternative and Off-Site 
Alternative 

Annual Emissions, 2028 1,414 

Total Emissions, 2018‒2038 20,184 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 
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3.2.1.6 Employee Commuting 

After the start-up period, greenhouse gas emissions from employee commuting during operations 

would remain constant throughout the time series (Table 25). 

Table 25.  Employee Commuting (MtCO2e) 

Period 
On-Site Alternative and Off-Site 

Alternative 

Annual Emissions, 2028 275 

Total Emissions, 2018‒2038 3,922 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 

3.2.2 Outside the Project Areas 

This section presents greenhouse gas emissions outside of the project areas. These emissions 

sources include rail and vessel transport, and emissions from electricity consumption. 

3.2.2.1 Rail Transport 

 Table 26 summarizes emissions from transport on the Reynolds Lead and BNSF Spur. Trains would 

need to travel approximately 0.5 mile further on the Reynolds Lead under the Off-Site Alternative, 

and therefore, emissions from rail transport would be higher under the Off-Site Alternative than the 

On-Site Alternative. After the start-up period, emissions from rail transport would remain constant 

throughout the time series. 

Table 26.  Locomotive Operation Emissions on Reynolds Lead and BNSF Spur (MtCO2e)23 

Emissions Source On-Site Alternative Off-Site Alternative 

Annual Emissions, 2028 5,321 5,695 

Total Emissions, 2018‒2038 75,836 81,177 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 

 

3.2.2.2 Vessel Transport  

Table 27 shows greenhouse gas emissions from vessel transport outside the project areas to the 

mouth of the Columbia River. Vessels would need to travel approximately 1.5 miles further upriver 

under the On-Site Alternative compared to the Off-Site Alternative, and therefore emissions from 

vessel transport would be higher under the On-Site Alternative. After the start-up period, emissions 

from vessel transport would remain constant throughout the time series. 

                                                      
23 This table excludes on-site emissions. 
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Table 27.  Emissions from Vessel Transport Outside the Project Areas (MtCO2e) 

Period On-Site Alternative Off-Site Alternative 

Annual Emissions, 2028 47,721 46,634 

Total Emissions, 2018‒2038 682,202 666,540 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 

 

3.2.2.3 Electricity Consumption 

Table 28 shows emissions from power plants outside the project area resulting from electricity 

consumption within the project areas. Electricity consumption emissions are assumed constant 

across all years of the time series for which the export terminal is operational (2021 to 2038).  

Table 28.  Emissions from Export Terminal Electricity Consumption (MtCO2e) 

Period 
On-Site Alternative and Off-Site 

Alternative 

Annual Emissions, 2028 177 

Total Emissions, 2018‒2038 3,191 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 
Emissions from electricity consumption are included as emissions beyond the project area. While the 
consumption of electricity takes place in the project area, the emissions associated with this consumption take 
place outside the project area. 

3.2.3 Greenhouse Gas Emissions 

This section presents the total emissions from the sources described above during construction and 

operations.24  

Table 29 shows total project area greenhouse gas emissions for the On-Site Alternative and Off-Site 

Alternative. The largest contributors to emissions within the project area for the On-Site Alternative 

would be emissions from vessel idling and tugboat use at the terminal and emissions from rail 

operations. Together, these two sources contribute approximately 75% of project area emissions. 

Construction, employee commuting, mobile operations, vessel idling and tugboat use, and 

vegetation and wetlands removal make up the remaining approximately 25%.  

For the Off-Site Alternative, vegetation and wetland emissions would play a larger role in emissions 

(18.7% compared to 7.3% in the On-Site Alternative) due to the increase in loss of carbon already 

sequestered by existing biomass and the loss of ongoing carbon sequestration from living vegetation 

that would be removed. As a result, the share of emissions from vessel idling and tugboat use and 

emissions from rail operations would be 66.1%. 

 

                                                      
24 Although this analysis only looks at emissions over the 21 year time horizon specified in Section 2.1.2.1, Scope of 
Analysis, actual emissions from operating the terminal would continue throughout the lifetime of the terminal. 
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Table 29.  Project Area Emissions (MtCO2e) 

Period On-Site Alternative Off-Site Alternative 

Annual Emissions, 2028 9,947 9,907 

Total Emissions, 2018‒2038 165,637 188,922 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 

Project area emissions would contribute approximately 18% of total GHG emissions for the On-Site 

Alternative, and 20% of total GHG emissions for the Off-Site Alternative. Although annual emissions 

for 2028 would be slightly greater for the On-Site Alternative, project area emissions from the Off-

Site alternative would be greater throughout the time series due to greater emissions from land 

clearing during the construction period. 

Greenhouse gas emissions generated outside the project areas from either alternative is illustrated 

in Table 30. 

Table 30.  Emissions Generated Outside the Project Area (MtCO2e) 

Period On-Site Alternative Off-Site Alternative 

Annual Emissions, 2028 53,219 52,507 

Total Emissions, 2018‒2038 761,229 750,908 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 

Total greenhouse gas emissions, including construction beginning in 2018 and operation from 2021 

through 2038, are presented in Table 31.  

Table 31.  Total Greenhouse Gas Emissions (MtCO2e) 

Period On-Site Alternative Off-Site Alternative 

Annual Emissions, 2028 63,167 62,414 

Total Emissions, 2018‒2038 926,866 939,830 

Notes: 
MtCO2e = metric tons of carbon dioxide equivalent 

3.3 Emissions in Context 
To provide a frame of reference for these emissions estimates, the projected annual greenhouse gas 

emissions from the proposed export terminal under the On-Site Alternative and Off-Site Alternative 

are compared to the following emission sources and targets: 

 Equivalent additional passenger cars added to the road. This comparison is made to put 

emissions in context to a common metric. 

 The Washington State GHG target under EPA’s Clean Power Plan. While the emission sources 

included in this analysis fall outside the scope of emissions covered under the Clean Power Plan, 

a comparison was made to the Clean Power Plan to provide context for emissions from the 

proposed project. 
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 The Washington State statewide GHG reduction target, and projected statewide emissions. 

Comparing emissions to statewide projected emissions puts the proposed project in a broader 

context and compares emissions of the proposed project to all emission sources in Washington 

State. 

 The U.S. Intended Nationally Determined Contribution target. Compares emissions to a national 

target. 

The total GHG emissions associated with the On-Site Alternative would be 926,866 MtCO2e from 

2018 to 2038, while total GHG emissions for the Off-Site Alternative during this time would be 

939,830 MtCO2e. The additional emissions from the Off-Site Alternative are primarily due to 

increased emissions from vegetation and surface soil removal. Annual emissions would be nearly 

identical for both alternatives when the terminal reaches full export capacity in 2028. Total 

emissions of the On-Site Alternative would reach 63,167 MtCO2e in 2028, equivalent to adding 

13,343 additional passenger cars on the road (U.S. Environmental Protection Agency 2016b). 

In 2015, the EPA finalized state-specific targets to reduce CO2 emissions in the power sector to 32% 

below 2005 levels by 2030. The statewide mass-based CO2 performance goal for Washington State is 

approximately 10.74 million short tons (9.74 million metric tons) (U.S. Environmental Protection 

Agency 2016b). The 2028 total emissions for either alternative would be approximately 0.6% of that 

total. 

Washington State legislation, Revised Code of Washington (RCW) 70.235.020, Limiting Greenhouse 

Gas Emissions, requires annual greenhouse gas emissions to be reduced to 1990 levels (88.4 

MMTCO2e) by 2020 and 25% below 1990 levels by 2035 (66.3 MMTCO2e) (WA State Legislature, 

2008). The emissions from the proposed terminal are 0.1% of the 88.4 MMTCO2e target emissions 

for 2020 and 0.1% of the 66.3 MMTCO2e target emissions for 2035. The Washington State goals for 

2020 and 2035 represent a reduction of 3.3 MMTCO2e and 25.4 MMTCO2e, respectively, below the 

2011 state emissions levels (91.7 MMTCO2e) (WA State Department of Ecology 2014). Annual GHG 

emissions associated with the proposed terminal under both the On-Site Alternative and Off-Site 

Alternative would total approximately 0.06 MMTCO2e, or about 2% and 0.2% of the 2020 and 2035 

emissions reduction goal. 

Included in the U.S. Intended Nationally Determined Contribution, the U.S. has set an emissions 

reduction target to reduce emissions 26 to 28% below 2005 levels (6,680 MMTCO2e) by 2025 

(United Nations Framework Convention on Climate Change n.d.; U.S. Environmental Protection 

Agency. 2016c). This policy would therefore reduce annual emissions to a level of 4,943 to 4,810 

MMTCO2e by 2025. This level of emissions in 2025 is 1,165 to 1,298 MMTCO2e below 2014 annual 

emissions of 6,108 MMTCO2e (U.S. Environmental Protection Agency 2016c). Greenhouse gas 

emissions associated with the project would be equivalent to 0.005% of this target range of 

reductions. If the target were reached through consistent annual reductions, the United States would 

have to reduce annual emissions by 106 to 118 MMTCO2e each consecutive year, beginning in 2015. 
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